
The survey data indicated that all the junior or community colleges

studied, offer-and 'desire to continue the offering of technical mathematics

u__ The most ficant finding of the survpy..was the indication,

that junior and community colleges-prefer technical or applied mathematics

--for the vocational-technical -tudents and that technical mathetatics

curricula research; should be conducted toward developing a mathematics

curriculum relevant to-the needs of the community college student.

The following conclusions were made fro_ the,survey of ten parti-

cipating junior or community colleges.,

1. A study should be conducted to identify mathematical concepts

requisite for job-entry competencies for vocational- echnical

occupation's.

The junior or community colleges contacted were willing to

'pat icipate in such a study.

3. Applied or technical mathematics progr'ams are more valuable

to the vocational-technical students than academic or tradi-

tional mathematics programs.

Curriculum materials for applied or technical mathematics

programs need to be developed in telation tospecific'

vocational-technical program areas.



Chdpte-rJi Metho

This research project was designed to develop a base fo pplied -or-

technical matnematic Curriculum-which would meet the needs of vocational-

-technical students. The major objectives accomplished'during the term of

project include:

1. Identifying mathematical concept- requisite for en ry-level '

competencies in nine selected vocatipnal-techni al occupations.

Welding, Radio & T V. Repair, Machine'Shop, Diesel Mechanics,

Printing, Drafting and Design-, Machine Shot, and- Electronics.) ,

Developing the identified mathematical concepts into

organized heirarchy of units of competencies for voca ional-

technical tudents;

Developing curriculum materials, self-instructional learning

packets, and pre- and post-tests for' elected sequential units.

Design_and_Procedures

Vocational-technical programs to be used in this research project we

-identifi d in the Texas Education Agency Table "A challenge and a

Choice.- Realizing that cons deration of all 117 occupational prog ama

waa beyond the scope of limited research the project included only.thoseI.
Industrial ..Occupation program- and Technical Occupation programs offered

by minimum of 12 institutions listed in the "A Challenge and a Choice"-

table.

, Those prorams selected for use in the research project and the

number- of institu_iona offering such,programs are given in TABLE I.

14



TABLE 1
TIMBER OF INSTITUTIONS OFFERING SELECTED VOCATIONAL PROGRAMS

Occupational Program

Air Conditioning and Re rigeration-

Auto Mechanics

Diesel Mechanics

Printing

Radio and T.V. Repair

Electronics Technology

Drafting and Design Technology

-Machine Shop,'

Welding

Number of Institutions
Offering Program

26

33

11

12

18

29

-37

18

28

The re.earch project was divided into three distinct phases:

Identifying mathematical concepts requisite for job-entry compe-

tencies ineach of nine selected occupational eas;

2. Arranging these' athematical concepts into structures of sequen_ial

units; and

Developing curriculum materials representing these prescribed units.

Texas Coimininity Colleges, offering the variouc technologies were con

tacted and pregented -a brief outline of the project. The thirty-five texts,

u ed in teaching technical mathematics courses in Texas Community Colleges

were identified ee APPendix B). 'The project staff used these texts as
3 V

guides to construct a list of mathematical competencies. Each competency

'statement was examinedto eliminate ambiguity and duplication. Based'upon

the competency listings the staff constructed a research instrument in

Likert (Guilford, 1964) scale r r The Likeft instrument listed the



rnatheciatical competencieS according to their skill levels including basic

arithmetic,:basic algebra, advanced algebra, trigonometry, and-introductory
-0-

calculus.

Within each level competencies were 'arranged in suentia1 order f

:Plest to most difficult. This arrangement provided a structured, hier-

archical taxbnomy of technical mathematiCunits that were of potential-

need to the teahnical-vocatiOnal student in the various odcupational

(See Appendix C).

Staff members visited 10 community college in August, 1974, and

carefully explained the purpose of the project. The 10 comm_-ity colleges

included: Del Mar Junior College, Bee County College, Sari Jacinto College,

Alvin J College, ot. Phillip College,,Ean Antonio-Junior College,

El Paso Community college, Eastfield Community College, Lamar UniverSity

(College of Tecnnical Arts), and Brazosport College. Each coumiunity

d offered their administrators,college agreed to participate in the pro

teachers and advisory board meMbers as a jury to validate the 'competencies

identified in the-instrument. The institutions were selected to represent

a uniform distribution'of parttcipants from all areas of Texas. The

Institutiens were sincerely enthusiastic about the project, as vas Joe

God.ey, Director of PostSecondary Occupational'Education at the Texas

Education Agency, the state funding agency for, Texas VocatiOnal Programs.

The staff consulted Dr. Beryl McKinnerney, Associate Dean of Occupational

Enucation at El Paso Community College, to further refine the competency

instrument. Staff members then visited El Paso Community College and

conducted the first jury validation of competencies in September, 1974.

The jury commented faVorably on the completeneas of the instrument and,
1

6
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decided, under -Dr. McKi. iy'

to further refine the instr

Staff members visited the'College of Technical Arts at Lamar University

rvision, to make helpful suggestions

and conducted the second jury validation of competencies After further

refinement, visitations were made to the remaining-;participant institutions,

where the instrument was explained to the jury members and left with them

-
be completed at their convenie ce and later mailed to the pro

'director.

of the 105 jury members contac-ed, a total of 95 returns were received

representing 87 useable responses. A profile of the jury members returning

useable responses was made for each of the vocational areas. The profiles

are summarized in TABLE 2, which indicates the meam number of years of teaching

exPerienpe and/or industrial vmerience for jurors -n each,vocational,area-

TABLE 2
PROFILE OF JURY.MEMBERS-

Vocational Axe

Air Conditioning

Auto MeohanicS

Diesel:Mechanics

Drafting

Electronic's

-Machine Shop

'Printing

Radio-T.V. Repair,

Welding

Average Number
of Years

Teachin Ex e ience

6.9

lo

7.1

9

5.4

10.3

Average Number
of Years

Industrial Ex erienLe

18.4

18.3

17.3

7.1

13.1

7.5 8.7

5.2 14.8

5.6 12.6

17
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'All jury responses were tabulated onto a master sheet-and a me

caInulated for each. competency. 'The cut-off point for signifi _oe on the

five-point Likert Scale was chosen as a mean of four, reflecting agreement

jury members. A' aster taxonomy of the significant competencie

then composed reflecting the jury ratings. Additional

-as

taxononitaws

composed for each occupational area. These were submitted to a jury for

review and recommended changes and revisions we e made.

Five related competeicies were selected which were rated as necessary

in a majority ofthe occupational areas. The five

Lions included: least common denoml ato_ .addit-

iplication, and division. 'The researchers then

oncepts dealing with

n, subtraction

Aftlf-instructional mini-m dule phekets for each of'thes

;.1

-

competencies

_er Appendix DI. 'Each packet included pre- and poSt-tests, and a
1

set Of audio tapes with problem workbooks and a progranimed instruction

with a exerci es modeled after Flexer and Flexer (1971)

and-OTMai,ley and Polya (190)

Following the initial development of the self-in ructional paccetL,
4

they were pilot tested at El Paso Community College, using-Dr. Beryl

McKinnerney as consultant, plus ccnuatants Dr-. Walter Stenning and Ms.

Peggy Cooper-Harding of Texcs A&M University. The modules were dlso pilot

teated at Iamar University, College of Technical A
.

hipper as con ultant. At both schools, students

a questionnaire which would give the researchers

concerning the usefulness of and the attitudes t

units.

1
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Upon completIon of the pilot tests, the materials were evised and

a set of self-instrUctional packets was completed. These were pilot tes ed

another time at El-Piso Communty College to determine the feasibility

1
further revision.

The.last stage of the research project included the developMent _

c ulum guia -for-the -petencies rated as necessary for the various

occupational reas. The curriculum guides were written following:the

s quenci9 indicated by the master taxonomy list ana reflect observable

studeat behaviors. Following the advice of

.cuiim guides do not reference
1

wai that this would lend greater flexibility to the implementation d

_iculum experts, the

-y specifictextS. The concensuS of opinion

continued use of guides See Appendix E).

19
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Chapter 3 - Results

The results -of the project Include:

po ite list of mathematical concepts requisite f

entry-level aompetencies in the selected vo ational areas;

A sequentially orderedtaxonomy_of.mathematics concepts

requited to meet the needs of. vocational-technical students

in each of the ten selected vocational -technical'areas with

. relative ratings by jurors for each occupational -ea;

Self-instructional learning packets for

athematics concepts;

_erformance-based pre- and post-tests for the learning packets;

five related technical

Curriculum guides for technical mathematics

Arithmeti

units in Basi0

aasic-Aagebm,,:.-Advanced Algebra and -TH.gonometry

The composite and individual taxon ies We 0 reVised several times

after"the aniial draft had been compiled, The revision's allowed'

the staff to update figures due to -late,arrival of some urors.' rating-

instruments. The reVisions also aed to a MQ e readable format as:

sUggestedby consultants.

In order to check the'effects of tie self-instructional packets, .

each student participating in the' pildt test was given pre- and

post-test over mat-riala epvereti in the-module, he had worked. A

t-teat'(Steel and Torrie, 1960) was uaed to test the null hypothesii

,110 where ul=the Mean of pre-test scores qnd p2zi the mean- of

post-test scores. The test statistic used was t d/s,-
d -1 2.

since clx1-:(2. The t value corresPonding to Student's t, for 61

degrees of freedo_ Showed a highly significant difference in pre- and

20
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post-test scores. With xL.i and x2=6.2, results- revealed that

the two Means differed at a probability level ofp1.001.

The information'on the student opinion quest'onnaire revealed

that 79-Percent of the students would use the mod les 14 percent

migh use them apd only 7 percent would 'not u e the modules

they were available.'

Students who found hematics texts difficult to understand

we interested in the PossibilitY:of widespread availability of

.cas-.ette tapes. They were excited about-being able to repeat parts

the tape if the need was ielt. At-E1 Paso Community College, the

Mexican Americans were very enthusiastic over the tape aspect of'

. the modules and suggested that translation-lnto regionals Spanish

ht be beneficial for thpse minOr ty groups.

technical mathematics units and curriculum materials will be made

available to the ten participating _ior or community colleges pins other

.institutions both on a state and national basis upon request for impIementa-

tion into their vocational-technical programs. The st uctured.technical

mathematics program, if implemented by community colleges offering

'Imcational-technical programs, can serve as a firm basis for grantingH

transferability of technical mathematics into simllar-four7year college

or univeraitSr programs.. The findings of the project also have implications.,

for curriculum development in other occupational areas.

A technical mathematics.curriculum utilizing self-instructional

Mod Is proVides vocational studentsthe opportunity to proceed :_ their

own rate. The students can improve a weak mathematical background,
t`

de- lop matte atical competence to meet_the pr equisites oC nceupationul

programs. 2 1



.Chapter
/

- Conclusions

,This research project fOcused on identifying technical mathematics

rriculum and guides specifically relevant to vocational-technical

pro6 rns in Texas community colleges. The research will help solve

current articulation problems, as NIell as improve existing vocational- .

technicalprogr7 s.

When implemented, results of the '-esearch should-benefit vocatior

,technical studeats teachers, and employees by lowering the attrition

rate of vocational-technical students in Texas community colleges.

curriculum guides and mini-m-dules can serve as a guide Xor

-developing full- ize curri lum modules in selected vocational areas.

The struttured sequential technical mathemat s -curriculum will

heap in solving the articulation problems'thevocatidnal-technical student

rently encounters in transfering between programs. The structured

technical mathematics program implemented by all community colleges
c

,

.

. ,

offering vocational-technical prog ams, can serve as a firm _basis

lting transferability of technical mathematics into bimilar four-

year college or university programs.

A --Oechnical mathematic program hich utilizes self-instructiOnak:

modules petriits the vocational students to procede at their QwrLrate.

These modules allow students t_ improve'a weak background in mathematics

As well as develop mathematical competencies to meet the pre-requisites

f their occupational progra

Tnematherhatical co c pt taxonomies and all materials that we e

pilot tested in this r6search project a e now available tip Tekas com-
,

rnuriycolleges. The taxonomy information can be used as a model to

2 2



develop and test further taxonomies of mathematical competencies for

any other occupational areas not 'covered in this researc1hV
-

The result's of the pilot tests Showed that the se]4-inst ctional

approach can be.successful for the vocational-technical udent. The

success of the pilot-te _Ad the) favorable attitud both instruct-ors

and students toward the selfinstruetionai modul suggest that further

research into the mathematical competencies NI' vocat

programs in Texas community colleges should he.,unde

onal-technical

of more comprehensive curriculum modules and -guide

nine occupational areas used for this p ect but

areas a& well.

in the form

only for the

other occupational
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Competency

OCCUPATIONAL AREA%

!1. Calculations of a
triangle and auxiliary-,
lines:

5. Calculd ions
circle:

,6. Finding the'
diameter of a circle
when the area is giverf:'

7: -The perimeter-of
the ellipse:

8. The perimeter
polygonsti-

Area

1. As a-measure of
surface space:

Calculations of
four-sided figures.
(Parallelogram,
trapezoid, square,
dna rectangle):

Area Calculations
a_circle:

4. Relationship of
radius,.diameter,
circumfelcnce arca,
sectors, chords, and
tangents:

5.- The properties

6. Area of a regular
hexpEpn:

7. Regular ygon:

41
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OCCUPATIONAL AREA,

0

-Competency .

.H

- Volume

1. Measures of-
volume:

2. Volume determined
by area:

3. Volume of
rec,angular solids
(cubes):

4. Volume of a sphere-

5. Segments and
zones of spheres:

6. Volume of a
cylinder:

7. Surface volume of
solid and hollow
cylinders:

8. Heights
cylinders)

9. Lateral sur ace of
cylinders:

10. Volume of compound
figures:

11. Volume of composi e
figures:

Weight

1. Measures of mass:

2. -Sped'fic gravity:

3. Dens ty:.

WeIgt standards:

.H

0
.H

0



Cotpetency

OCCUPATIONAL_ E.

0

5. Weight of
materials:

6. Weight of
castings from patterns:

, Time

Units Of time:.

. Distance in
relations to time:

Frequendy:

Period:

Money Calailations

1. -Price computation':

2. Income computation:

3. Interest
computation:

Scale Drawings

1. Find-ng the.

drawingyleasure:

2. Finding the=actual
dimensions of an pliject
from the measured
dimensioh of a diagram:

Finding,the area of
a figure drawn to A '

certain scale:

3
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Competency

OCCUPATIONAL- AREA

Slide Rule

1. Reading the C and
D scales:

2. Slide rule
Operations (basiC):

3. Laws of exponents:

L. ReciproCal, squares
..and square roots:

5. Cubea and cube
roots:

6. Locating-the
decimal point:

7. Combination
problems:'

8. Extracting roots
numbers ahd raising

'powers:

9. Cube roots:

10. Multiplying and
dividing nuthbers by Tr:

The reciprocal
scales:

12. The.-tangent scale:

13. TheARC tangent'of
a number:

14. The sine scale:

15 The ARC sIne of a
number:

-16. The ST scale:

17. The nosine:

x



Competen6r

OCCUPATIONAL -ARBIC

P40

18. The cOtangent.:

19. Proportion scale

20. Finding the
Circumference and-area-
of a circle:

1. Straight line &
circle:

2. Polar coordinates:

Geometrical
Construction

1. Bisect or find
mid-point of a line:

2. Bisect ad angle:

3.. Bisect an are;

4.. Erect a
perpendicular to Et line
at a giv6n point on the
line:

5. Ereot,a
perpendicular to.a line
,.at the end of the line

6.. Erect a 0

perpendicular through a
point'not on the Aale:

T. Draw a line through
given points parallel
to a giVen line:

8. Divide a given line
into a'number of equal
parts:

4 5
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,")

Competency

9. Draw an angle equal
to,a given angle:

10. Draw an
equilateral triangle
of given size:

11. Draw a circie
through three given
points:

12. Find the center
a circle or circle
arc:

-13. Inscribe a square
in a circle:

14. Construct a square
of given size:

.15. Insdribe a hexagon
in a circle:

16. Inscribe,an
equilateral triangle

a circle:

17, COnstruct a
hexagon with one'of the
Sides on a given line:

,

18. Draw,a tangent to
a circle at a point on
'the circumference:

19. -Draw a tangent to a
circle through a point-
out ide the circle:

20. Draw a tangent to
.-two-circles of equal
size:

OCCUPATIONALnAREA--
,

t)

46,
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Competency

O,CCUPATIONAL AREA.

0

21. Draw an internal-
tangent to two circles
of equal size:

22. Draw an external
tangeht tO two circles
of-uhequal.size:..

23. Draw an internal
tangent to two unequal
circles:

BASIC ALGEBRA

General-Numbers ,

1. Properties of real
numbers:

2. ,Substitution Of'
-variables into
algebraic expressions:

3. Translation, of
word expressions into
algebraic''expressions:

14, Order of
'operations:.

5. Evaluating
-expressions containing
variables :

Basic oPerations
involVing- vatiables

7. Constants,
and variables:-

8. Positive and
negative numbers:

147



Competency

,OCCUPATIONAL AREA

0

1:10

0
oi

9. Powers.and
-_onents:

10. AbSolute value:

11.. -Formulas:

12. Ratio and
proportion:

Arith_metic

Operations with
Algebraic Expressions

1. Basic operation
. with algebraic numbers:

2. Operations with
-signa of groUping:

The distributi-

4. 'Equations involving
Parentheses:

5. Equations aS
symbolic sentences:

6. Removing
parentheSes used to,
indicate multiplication

7. First degree
equations with signed
numbers:

8. . Adding and'
subtracting like tT'

9. Adding and
subtraCting polynomials

-48
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/Competency

OCCUPATIONAL AREA

P

EH
0

5H

0

SH

cd

0

0
4-1

10. Multiplications
and division of
monomials and
polynomials:

11. Inserting si
of-grouping: .

'12. Rules of
exponents:

13. The square of a
binomial sum or
difference:

14. The product of a
binomial'sum or
difference,:

15. -Factoring the
difference of two
Squares:'

16. , Factoring out 0
common, 'factors:

17. Factoring
polynomials:

18. Multiplication by
a common factor:.

19. ,Special producta
or expansions:

20. Extracting square
roots:

21. Factoring._
monomials from
polynomials:

22. Symbols of
grouping:
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QCCUPATIONAL ARRA

Competency

b13

00

ci

23. 8quari g
bdnomials:

Algebraic Fractions

1. Properties-of
algebraic fradtions:

2. 'EqUations involving
.fractions: ,

3. Basic operations--
with algebraic
fractions:.

4. The fractional
exponents:

5. Finding the
least common
denominatbr:

o. Reducing to lower
terms:

-ieuualities

1. Properties of

Eamp_.tions

1. -First degree
equations in,one
two variables:.

2. Literal equation
fo ulas:

3. Equivalent,
identical, and
conditional equations:

E
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Competency

OCCOPATIONAL AREA

4, Simplification of,
equations:

5. -;-Solution of
.equations in variables:

6: Analysis of a.
formula:

7. Transpositi n of
terms:.

8. Transposition of
factors:

9 Translating
- problems into equations

10. Operations with
dimensional units:

11. Solving.systems o
equations of two and
three unknowns,
algebraically:'

--

12. Dimensional uni
d conversion:

13. Equations
containing fractions:
and decimals:

14. Degree of an
Equation:

15. Solving linear
equations:

16. Algebraic solutions
to -ariables:

17. Equations with
unknowns in-the
denominators:

51
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Competency

!al!

4-)

bO0o
k

.13. The distanc
formula:

14. Graphic solution:
of system of
linear equations:

15. Solution-by
addition and
subtraction:

16. Applica ions of
simultaneous equations:

quadratic
Eaua

, 1.
2

Solution o
ax

2. Solution by the
quadratic formula:-

Exponential Notation

1. Laws of-basic
,operations with
exponents:

2. The law of zero
exp nents:

3. The law of
exponents in raising
to powers:

4. The law of
exponen in extrac ing
.roots:

5. The law of
exp9nents based on 10:

6. Power variations:

X

53



-7. j-opera

B. The-one operator:'
-

0oMP1ex numbers:'

10. :Complex equations:

11. Squares of.numbers:

1. Irrational numbers:

2. The square roptfor
positive numbers:

Notation--

1. Difinitiofi

Logarithm:

2. Properties
logarithms:

3. Characteristics:

4. Mantissa:

5. Determining.:logs
from a table:

6. Finding powers'
using logarithms:

7. Finding,roots
using logarithms:,

8. Interpolation using
logarithms :
9. The logarithm of
uniY:

10. Given log n, fina n

54-*
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CompetenLy

OCCUPATIONAL AREA

0

<4

6. Amplitude:

7. Frequency:

8. Addition and
sinusoidal waves:-

THE D.C. CIRCUIT

1. -'Difference-of
potential and elect ic
current:

2. E.M.F. and energy
considerations:

3. Ohm's law:

Voltage drops:

-5. Energy and-power
dissipated in a circuit

b. Series and parallel
circuits; equivalent
resistance:

7'. Direction of
cur ent:

8. .Kirchhoff's rules:

9. Battery E.M.F. and
terminal voltage --
internal resistance:

10. The Wneatstone
bridge:

FUNDAMENTAL ELEMENTS
IN AN A.C. CIRCUIT

Capaci

x

./X

C9.

)9

x

x .

x



/

Competency

OCCUPATICNAL AREA

u
'H

.H
n

M
0
H

o

.H

P4

H
o
.ri

0.0
r-4

4.

.H
rIl
0
ou

bU
p
.m

H

0

a
p
,1

Ci

H

.H

M
0
.H
0
0
1.4

43
u
w

2. Ca/pacitors in
seriies:

3./ Capacitors in
parallel:
/

-Energy requir .
charge a capacitor:

-
5. Time for charging
and discharging a
capacitor; the time
constant:

6. Inductance:

7. Time constant of an
L-R circuit:

8. Phase rela ion in
A-C e'./:cuits:

0

9. The series A.C.
circuits phase diagr

, .

O. Reactance and
impedance:

I. Resonance:

2. Power and,power
factor:

X

X

X

I

X

X

X

X

X

X

X

X

X

X

X

X

7-0
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BASIC ARITHMETIC

Real-Numbe

Basic Operations with
Whole Numbers':

2. Combined .Operations
Whole. Numbers:

-ith

p V P A tot

4.7 16096

3, DefinitiOn of Signed
Numbers:

4. Basic -operations witty.
Signed Numbers:

5, Rounding Off.:
\

e) \ Prime Numbers:

7. COmposite Numbers:

8. Greatest Common Diviser

9. Ixast Common Multiple=

10. Abselike Value:

6796

67%

4.8 5 4 100%

3.8 4.3 67%

3.8 4.3 6

3.8 4.3 67%

4.3 4.4

4 6796

Common 'Frac ions

Reading and W 5 100%

Reading a. Ruler: 5 5 100%

Basic OperatiOns with
Fractions: 5 100%

4. Equivalent Fraction . 5. 100%

5. Converting Mixed Numbers
to Improper Fractions: 5 5 100%

Basic Operations with
Mixed Numbers: 100%

Combined Operations with
.Mixed Numbers: 4.7 100%

Proper and Improper
Fractions: 4 4.7 100%

7 2
13



9. Combining LUe Terms:

Reducing to Lowest Terms:

11. Finding the Lowest Common
Denominator:

12. Basic:Operations with
COMMOn Fractions and
Mixed Fractions:-

Decimal'.Fractions

1. Reading and'Writing:

2 Rounding Off:

3. Basie:Operations:.

4= Table-of Decima4 Equ -a-

lents:

j.taction to Decimal Con-
Version:

Decimal to Fraction Con-
version:

Percentage

Definition:

Converting:Fractions to
Percent:-

Converting Percents to
Fractions:

Converting Decimals to
Percents.:

Converting, Percents to
Decimals:

6. Finding the Percentage
Given the Base. and Rat ,

7.

1

Tindin ,the Rate Given
the Pe centage and Base:

Finding the Base Given
the Rate and Percentau:

5

5

4

% 5 1

4.3 83%

4.7 100%

4.8

4.8

10,0%

100%

5

5

5

5

4.8 5 4.9

4.8 4.5 4.8

4.8 4.5 4.8

100%

100%

100%

100%

100%

100%

100%

10096_



-Solving Problems: 5

la. Price List 'and . ,4.5

11. Percentage Error and
Averaging:

12. Markup:

Ratio and Proportion

Definition of Rat

Reduction of:Tiatio: tc

Lowest -Terms:

4.3

4-.5

4.5

5

Definition of Proportion: 5

Pinding the Unknown Term
:in a Pr portion: 5

Appli-ation of Propor-
tioa:

6. ,Principle of Levers:

PrinCipleef.Pulleya.:

.Principle of Gears:

Principle:of Hydraulic
Press:

10. The English System of
Weights- and Measures:

4.8

4.8

5

11. The Metric of Weights and
Measures: 4.5

12. English-Metric Con-e-
sion:- 4

13. Multiplying and Dividing
Measurements: 4.3

14. Tables of Equivalent
Measurements: 4

Instruments of Measuring-

1. Linear. Scales: 4.3

utot 964-5

4 4.7 100%

5 4.8 83%

4.8 83%

4.2 67%

r

3 4;3 831

4.3 83%

83%

5 4.3

4.3

4.9 100%

100%

100%

.5 100%

4_!8 _
83%

4 7 67%

5 4 -.4.4

5 4.7 67%

4.8 83%

79 ri A



2. Vernier Calipers:

Micrometers:

The Protractor:

5. -The Tachometer:,

Length

1. Basic Operations Using
,Length:

2. Length-as a Measure of,
Distancef

Weight

1. Measures of Mass:

2, Specific Gravity:

3. Weight Standards:

4. .Weight of'Material

Time

1. Units of Time:

2. Distance in Relation
Time:'

Frequency:

Work and Pcwer

1. Work and Powerf

V M p A litot

_4.3 4.8 83%

5 100%

4.3 4 4.4 71%

5 5 5, 1-00%

83%

4 4 -83%

4.5 5. 2.5 72%

4.8 5 4.3 86%

5 72%

5 2.5 4.2 72%.

4.5,

Horsepower of a- _team ,

Engine:-

Horsepower of Gas
Engine:

4.5

4. Brake Horsepower:

5. Electrical Power -- Watt 4.8

6. Meclanical Efficiency of

4.3 67%

4.1 67%

5 4.8

4 72%

4.7 100%

5 5 100%

4.6 100%

"
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BASIC ARITHMETIC

Real Numbers

Basic OperatiOns,with
Whole Numbers,: 5

2- Combined Operations iith
Whole Nurnberg:

'5

3. Definitiow of Signed
Numbers: 4.8 5

Graphing Signed Numbers: 3.8 5

Basic Operations with
pigned Numbers: 4.5

Rounding Off: 5

Prime Numbersi A.5

8. Campo ite Numbers:

9; Greatest Common Divisor:

10. Least Common Mu tiple:

Abselute Value.

Common Fractions

1. Reading and Writing:

2.' Reading a Ruler:

3. Basic Operation with
, Fractions:

4.. Equivalent Fractions':

5. Converting Mixed Numbers
to ImprePer Fractions':

6. Basic Operations with
Mixed'Numbers:-

7. Combined Operations with
Mixed Numbers:

Proper and ImprOper
Fractions:

4.3

5

5

70

4.5

5

5 100%

100%

4,9 = 100%

4.8

0

100%

100%

4.8 88% .

4.7 15%

100:I

5 100%

5
4.6

5

5

100%

5 100%

r

s.

100%

100%

100%

100%



u V 1-1 M utot

Complex Numbers: 5 4.7

coMbining Like Terms: 4.8

11. Reducing to Lowest Terms: 4.8_ 4.0

12- Finding the Lowest Common
Denominator: 4.8 4 9

Basic Operations -with
Common FrattionS and-,
Mixed Fractions: 4.8 5 4.9

Decimal Fract ons

. Reading and Writing:

2. Rounding Off:

3.. Basic Operations.

Fraction to Dec: al
Conversion:

S. Decimal'to Fraction
Conversion:

Percentage

1. Definition: 4.8

5

5

2. Conver ing Frattions to
Percent:. 5

Converting Percents to
Fractions:

Converting Decimals to
Percent:

S. Converting Percents to
Decimals:

4.8

4.8

Finding the Percen_age
Given the Base and Rate: 4.5

Finding the Rate Given
the'Pertentage and Base: 4.5

Finding the Base'Oiven
t,he Rate and Percentage: 4.5

5

2

3

4

4

4

%4-5

88%

100%

100%

100%

88%

88%

88%

4.3 88%

4.3 88%

4.3 88%

4.3 88%

4.3 88%

4.3 88%



-9. So ving Problems:

10. Prioe Lists and. Discoun

.11.. Percentage Error and
Averaging:

.'12. Markup:

, _Ratio ,and_FroportAqn

Definition of RatiO:

2. Reduction of Ratio to
-Lowest Terms:

Definition of-Proportion:

Finding the Unknown Term
in.a.Proportion:

5 Application of Propor-
tion:

The Principle of Levers:

Principle of :Pulleys.:

Principle of Gears:

Prificipj, of Hydraulic
Press:

10 The English SYstem
Weights and Measures:

11. Jbe Metric of Weights and
Measures:

.English-Me Conver-
'sion:

Multiplying and Dividing.
Measurements:

14. Tables of Equivalent
Measurements:

p p A ptot

4.8 4.9 100%

100%

4.3 4.1 63%

4.3 5 5 4.8 75%

4.8 3 4.3 88%

4.8 4.3 88%

4.8 4.3 88%

4.8 3 4.3 8

4.5 4.2 75%

4.8' 4.3 88%

: 4.8 3 4.3 88%

4.3. 889-6

4.3 8

4.5 3 4.2 88%

I.

4.5 4.2 88%

4.5 4.2 88%

0 4.3 100%

5 5 3 4.3 100%



u V M A utot 14-5

Instrument- of Measuring

1. Line'ar Scales 4 5 4 4.3

? Vernier Calipers: 4,5 S 3 4.2 751

3. Micrometers: 5 J00%

4. The Protractor: 4.8 4.3 88%

5. The. Gauge Number of Wire: 106%'

6. The Framing Square: 3.5 50%

7. 'The Tachometer: 160%

IsLigjLi

1. Basic Ope atiOns Using-
Length: 4.7 88%

Length as a Measure of
Distance: 4.3 88%-

Calculations .of a
Rectangle (Perimeter,
Width, Length): 3.9 63%

4. Calculations of a Circle: 4.3 4.1 75%

Finding the Diameter of
a Circle when the Aiea.
is Given:

+ 4.5 4=2 .7 q

Area

1= As a Measure of Surface
Space: 4 63%

2. Calculations of Four
Sided Figures (Parallelo-
gram, Trapezoid, Square,
and Reetangle): 4 4 63%

Ar a Calculations fbf a
Circ 4.8

5 3 4.3 881

Volume

1. Measure_ o_ Volume: 4.8 4 .f6 88%

82 so



2. Volume Of - Cylinder:

Weight_

I. Measures of Mass:

Specific Gravity:

PDe

ght Siandards:

Weights of-Materials:

Time

Units of Time:

Distance ih Relation
to Time:

Money Calculations

1. Price Computations:

2. Iricome Computations:

3. er-c' Computation:

BASIC ALGEBRA

Work and Power

1. Work and Power.

Horsepower of .-_ Steam.

Engine:

Harsepwer. of a Gas
Engine:'

4. Brake Ho power:

Electrical Pow Watt:

Mechanical Efficiency of
Machines:

4.8 4.3 88%

4.5 2.5 4, 88%

4 8 4.3 88%-

4.8 5 4.1 88%

r 2.5 4

4.8 5 2 5 4.1 88%

5 5 4.3 88%

5 4 75%

4.5 2.5 75%

4.5 2.5 75%

4.5 2.5 75%

4.5 5 88%

4 5. 4.3

5 4.7 88%

5 5 100%

4.8 5. 4.9 100%

5 100%

8 1
83
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STeed Jlatio and Pulley_q_ren_rs

1. Gear Tra 4.8

Idlers

.Finding the NumbetOf
-.5peed.

Ratio:

Compound .Gearing:

Worm and Gear:.

6. ,T -.and Spur,

-Bevel: and Worm Gea

Pulley Trains:

THE D.C. CIRCUIT'

Pil;ference of-Potential
and Electrit',Corient:,

.

E.Wf. and Energy.
Considerations:

Ohm's Law:

Voltage Drops-:

Energy.and Power Dis
.pated inz a Circuit:

.Series and Parallel. Cir-
tuits;lEcibivalent Resis-
ance:

Direction of Current:

Kirchhoff Rulei:

Battery E.M.F. and Termi-
.nal VOltage -- Internal ,

Resistance:

JO. The Wheatstone Bridge:

4;5

4.5

4.5

4.5

4.5

4.5

4.5

.3.5 4.5.

8 2

134

4.5

4.8

4'

4.3

00%



S uares and S uare Roots

1. Finding the Square of a
Numbei: 4.2.

2. Finding the Square Root
of a Number:- 4:2

_Finding the Square Root
by thefiLsong Division
Methoar 3.6

Basic Operations with
Radicals:

=

3.6

The Pythagorean Theorem' .3.6

Rationalization? 3.6

Percentage

Definition:

Conve ting Fractions
Percent:

Converting Percents to
Fractions:

Converting.Decimals to
Percents:

4.6

4.6

4 6

'converting Pere -nt' to
Decimals: 4..6

M

3.5

Solving P blems: 4.6

_Price Lists and Discoun 3.4

Percentage error and

Averaging:

Markup:

Ratio and Pro ortion

Definition of Ratio:

Reduction of Ratio
Lowest Terms:

3.4 4

3.2

4.9

I 17 .

5

109

wtO

4.7

4.7

4.5

88%

64%

64%

78%

4.5 4.4 79%

4.9 100%

4.9 100%

4.9 100%
a

5 4.9 100%

5

4.9 100%

_4.9

4 4.1

100%

SO%

4.1' 50%.

100%

10



p V i.iA. p ot

Definition of Proportion: 4.9

Finding the Unknown Term
in a Proportion: 4.6

Application of Proportion 4.9'

-The Principle of Levers: 4.6

The -Principle of Pullé: 4.6 5

The Principle of Gears: 4.6 5

Principle of the Hydraulic
-Press: 4.6

The gnglish System ,of

Weights & Measures: 4.3 5 4.5

11= The,Metric-System of
Weights & Measures: - 4.5

12. Engli%h-Metric Conve ion: 4.9 5 4

Multiplication & Divis on
Measurements: 4.6

14. Tables Of Equ valent
Measurements: 4.6 4

Instruments of Measurin&

Linear Scales: 4 :7
Vernier Calipers: 4.6

Micrometers: 4. 9

The Protractor:

Length

Calculations of a Triangle
and Auxiliary Lines:

2. Calculations of a.Circle:

3.- Finding the Diameter of a
Circle When the'Area is
Given: 4.6

4.9 92%

5 100%

4.2 88%

4 88%

4.5 -88%

4.5 88%

4.6 100%

4.8 100%

4.6 88%

4.9 100%

v45 100%_

100% .

4.5 4%

4.6 100%

4 94%

4.9

82%

94%



The Peri-e er of the.
Ellipse:

The Perimeter of
Polygons:

Area

1. As a Measure of Surface
Space:

Calculations of Four-
Sided Figures (Parallelo-
grami Trapezeid Square,

and Rectangle):

3.4

3. 8

ptOt %4-5

4.5 4. 3

3. 6

.Area Calculations for a
Circle: 4.6:

Relationship of Radius,
Diameter, Circumference,
Arcs, Sectors, Chords; and
Tangents: 4.6

The Properties of Tr:

6. Surface Area of Solids: 5

_

Area Approximation:.

Volume

1. Measures of Volume:

2. Volume Determined 'Oy'Area:

Volume of Rectangular
Solids .(Cubes):

Volume of a Sphere:

5. Volume of a Cylinder:

6 Heights of Cylinders:

Weight

Measures of Mas

2. Specific Gray ty:

-3

4

4.2,

3. 6 5

119

3.5

5 4

1 1 1

67%

4.1 67%

4.9

56%

4.9 89%

100%

67%

4 67%

4.1

4

4.4

67%

78%



M p A ptot

Densi 3.8 5 4 4.3 ' 71%

Weight Standards: 3.8 4 '4.3 71%
,

Weights of Matera1s 42 5 3 4.1 78%

6. Weight of Castings from
patterns: 4.2 , 3 4.1 78%

--Time

4.7' 92%1.- Units of,Time:

2. Distance in'Relation to
Time: 3,6 5 4.5 -94%

Period: 3.8 5 4.6 84%

requency: .3.8 4.6 ', 84%

. .

Money Calculations

1. Income ComputatiOn: 5 '3;6 3 S 4 67%

2. Interest Computation: 5 3.6' 4 -,67%

Stale Drawings

Finding the Drawing
Measure': 4.4 5 4.8 8 %

2. Finding the Actual DiMen-
sions of an Object from
the Measured Dimension of
a Diagram:. _4 4 5 4.8 84

Finding the Area of a
'Figure Drawn to a Certain
Scale: 5' 4.8 4%

Geometry

'Straigh: Line E Circle: 4 6 4 2 92%

1 2

120



BASIC ALGEBRA

General -Number's

.

1. Properties of Real
Numbers:

2. Substitutj.on of Variables
into Algebraic Expres-
sion :

Translation of Word
Expressions into Algebraic
Expressions:

Order of Operations;

4.2

5 3.5 4.1 78%

4.7 72%

5 5 4.7 73%

4.7 74%5

Evaluating Expressions
Containing Variables: 4, 2 S 5 4.7 78%

6. Basic Operations Involving
Variables: 4.2 4.7 79%

7. Axioms: 3.8 4.6 92%

Constants and Variables: 4.4 5 S 4.8 92%

Positive and Negative
Numbers:

_

10 Dowcrs and Exponents: 4.2, 4:k7 100%

4.6 5 5 4.9 100%

12. 'Itatio and Propor ion: 4.8 4.9 100%

4.8 5 5 4.9 100%

11. :Formulas:

Arithmetic Operations witi-2_Msebraic_E)ipmssions

Basic Operations with
Algebraic Numbers: 4 2 5

Operations with Signs o
Grouping: 3.8 5

The Distributive Law: 3.8 5

Equati ns Involvin'g
Parentheses: 4.4 5

Equations as Symbolic
Sentences: 3.8

121

1_ 13

5 4.7 94%

5 4.6 95%

5 4.6 93%

S 4.8 94%

4.6 86%



Equations Involving
Parentheses:

Equations as SyMbo__
Sentences:

8. Removing Parentheses Used
to Indicate Multiplica-
tion:

M 14,A utot %4-5

4.4 5 4..8 94%

5

9. First Degree Equations
with Signed Numbers: 3.8 5

10. Adding and Satracling
Like Terms:

11. Adding and Subtracting.
Polynomial's:

12. Multiplication and
Division of Monomials
and Polynomials:

Inserting Signs of'
Grouping:

14. Rules of Exponents:

4.6

4.4

5

4.6 86%

4.7

4.6

4.9

82%

100%

15. The Square of-A BinoMial
Sum or Difference:

16. The Product of a Binom
Sum pr Difference: .

-47. Multiplication by a
Cmmon Factor:

Extrating Square RPots:

Symbols, of Grouping:

Algebraic Fractions

1. Properties of Algebraic
Fractions:

2. EquatiOns Involving
Fractions:

Basic Operations with-
Algebraic y qctions:

3.8

1

3.6

4

3.8

4.2

4.8

4.5

122

5 ,

1 4

4.1 78%

4.7 94%

4.7 94%

4.6 88%

94%

4.7 94%

4 7 94%

4.6 90%

4.7

4.9

4.8

100%



--5 Finding-the_ eas _Common
Denominator: 4.4

Reducing to Lower Terms: 4.6

Inequalities

Properties o

atiLcialT_

First Degree Equations in
.0ne and Two Variables: 3.8

Literal Equation Formulas: 3.5

Equivalent, identital, and
. Conditional Equations: 4

Simplification of Equa-
tions:

0 A ptot %4-5

-4;1 .8S%

5 4.2 94%

5

4.4 82%

4.6

4.5 8

63%

4.4 80%

4.4 82%

4.4 82%

4.5 84%

4 84%

4.7 87%

4 82%

82%

72%

72.

Solutions of Equations in
Variables:,

Transposition of Terms
and Factors,:

granslating Prob eMs into
EgnJtions:

-.0rwrations wit Dimen
sional Units:

9. Dimensional Units and

ConVersion:

Equations Conta1ning
Fractions and Decimals:

II. Solving Linear Equations:

12, Proportions:

13._ PropOrtionality:

Linear Graphs

1, Coordinate Nota ion:

3.5

4,5

5 4.5

3.2 5 4.4

123

5_

115

4.3 68%



PlOtting_poin on Graph 3.5

Graphs of. Ordered Pairs: 2.9- .

Displaying Data with
Graphs':

Solving Problems by Means
of Graphs:

6. Graphs of Linear Equa-
tions:

3.5

3.2

5

5

3.2 5

116

1214

Ptot %4-5

4.5 72%

4. 66%

4.5 76%

4.4 70%

4.4 71%



Printing

17

125



BAS1C.ARITRM TIC

Real Numbers
_

1. Basic Operations with
Whole Numbers:

Combined Operations with
Whole Numbers:

Definition of Signed
, Numbers: s-

4. Graphing Signed Numbers:

5. Basic Operations with
Signed Numbers:

ptot

100%.

One-to-One Correspondence:

7. Rounding Off:

Prime Numbers:

Composite Numbers:

10. Greatest Common Divi=ser: 4.

11. Least Common Multiple:

4-7

4.7

4.3

Comnion Fractions

1. Reading and Writing:

Reading a Ruler:

4

4

3
_

Basic Operations with
Fractions:

Equivalent Fractions:

Converting. Mixed Numbers
te Improper Fl7ac ions:

,

Basic Operations With
MiXed Numbers:

Combined Operations
with Mixed Fractions:

Troper andImproper
, Fractions:

4.7

4.7

100%

4.7 100%

4.3 83%

4.3

. 4.1 66%

4.6 100%

4.6 100%

4.1 66%

4.7 83'

4.3

100%

4.5 83%

4.7 5 4 _4.6 100%

4.6 1

4.7 5 4,6_ 100%

127 --- ._

i 1 8

4.7



COmbining Like Terms: I. 4.7

Reducing,to LowesX

11. Finding the Lowest Comnon
Denominator:- 4.7

12 Basi-c-Operations with
Common Fractions and 4ixed
Fractions:

=

4

imal Fractions

Reading and Wri ing

Rounding Off:

Basic Operationu.

Table of Decimal
Equivalents:

4

Fraction-to Doeimal
Conversion:

'Decimal to Fraction
Converion

Sc entifi- Notat on

The Concept of Powers _

,10:

Signif cant Figures:

Rounding-Off:

Basic,Operations Using
Powers of-10:

Definition:

Converting Fractions
PercOrits:

Convertint Perc n to
Fractions:

4.7

vtot A4-5

4.6 100%

3 83%

4.6 100%

4.3 83%

4.7 100%

4.7 100%

4.7 100%
0

100%

3 4.3

4.7

83%

83%

83%

83%

83%

128 119
83%



4. Conver ing Decimals to

p M.

.Percents: 5 5

Converting.,Percents to
Decim6.1s: 5 5

6. Solving Problems: 5.7

7. Price Lists and Discount: 4.3

8. Percentage Error and
Averaging: 4.3

Markup: 4.3

Ratio and Proportion

1. Definition of Ratio: 4.5

2. Reduction of Ratio
Lowest.Terms: 4.5

Definitiow,of Proportion: S 4.5

Finding the Unknown Term
in a Proportion: 4.5

ApPlication of Propor ion: 4.5

6. The English System of
Weights and Measures:

,The:Metric
Measures:

_ Weights and
4.7

English-Metric Conversion: 4:7 .

Multiplying and Dividing
Measurements,:

10. Tables of Equivalent
Measurements:

Instruments of Measuring

1. Linear Scales:

2. 'Vernier Calipers:

3. The Pro actor:

p_ A ptet

3.3%

3 4.7

4.4 83%

4:8 83%

3 4.2

3

83%

4.2 83%

4.1 83%

4.2

5

83%

8

10%

4.9 100%

4.9 HO%



rations Usi g

2. Caieulations o a Triangle
and Auxiliary Lines:

3. Calculations 9tf- a Circle:

Area

1 As a- easure pf Surface
Spate:

Calculat bns of FOur-5ided
Figures 'quares, Rec-
tangles etc...) ,-

Voluthe.

1

1 J. Measures of Volume:

WO.ghtl

Measures of Mass:

A_ ot %4-5

100%

83%

5 83%

83%

'5 2 4 83%

4.7

Weight Standards: 5 5

Weights of Material

Units cif Time:

5 5_

4 4.7 100%

100%

5

Frequency: 4 75%

od: 4 75%

Money Calculati,ens

1. Price CompUtat o

income Computations:2.

-
5 4 4.7= 100%

5 4 _4.7 100%

Intere5t Computations: 5 5 IP 4.7- 100%

121
130



.

Slide Rule

p V

1. Slide Rule
(Basic):

Locatibg the Dpima
Poiut:'

122



V

Writing Linear Equations
-in. SiopeIntercept Form: L7

Slope and_Paraliel Lines: 327

The Equations of Horizon-
tal and Vertical LineS: 3.3

TRIGONOMETRY

Ri ht Trianles and Trigonometric Ratios

Right Triangles and
Angle-Sum Principle:

2. Right Triangles-and
Pythagorean Theorem

3. The Definition of
Tangent Ratio:

1.1 A utot V4-5

4

4 4.2

4. The Tangent Ratio of
Three Specific Angles:

A Partial. Table of
Tangent Ratioi:,

The. CompleteTable of_
Trig Ratios:,

yinding the Unknown:Sides
in Right Trian les:

Finding the:lin/known

:Angles in Right Tri-
angles:'

Vectors Plu...sorst

83%)

100%

80%-.

80%

67%

100%

Definition Vectors
and Phasors/:

Vectors on the Rec-
tangular Ciordinate
System:

The Trig atios of
Reference! Angles:

. I. .

Finding Ilhe Length-and
DirectorOf a Slanted.
Vector:

4 4.4 83%

4.5 4 4.5 83%

3.3 5 4 -, 4.1 60%.



a V

'Trigonometric Ratios of Standard-Position, An les
_

.1. Standard-Position Angles
Between eand 3600:

Reference Angles of
Standard-gosition0Angles
Between'O-and 360

Trigonometric Ratps of
Angles Between 90 and
3600:

Finding ti-ie Function of -

any Angle:

Fanding Standard-Position
.Angles Corresponding to
Known Ratios: 3 3

6. Finding_the Angle :Given
the.FunOtion:

7. Trigonometvie RdtiO of
'0°: 90°, :180° 270°, and
30,60:,

3.3

8. Functions of Angles in
Quadrants 1, 11, III, and
IV:

Finding Log of Trig ,
Functiens:

,10. Definitionof a "Degree!' .
ia Angle Measurements:

11. =Operations Using Minutes,
Degrees Seconds: 4.7

4.1 6

5

'Definition of Radian in
Angle Measurement: 4.7 5

13. The Relationship Between --
Degrees and ,Radians: 4 7

14. Radians Expressed
Terms of "Tr":

in

15. Trig Ratios of,Angles
Expressed in Radians:

4.7 5

4.7

1149

4.4

4.7

80-0

80%

60%

4.1 60%

4.1

4.6

4.6

60%

60%

100%.

100%

4.6 100%

3 4.2 80%

4.2 80%



Obli ue Triangles

The- De inition of ,An
0b11--e Triangle: 4.5

Solving Oblique Triangles
v Riglit-Triangle

MethOds:

The'Law of Sines:

Usin-g the Law of Sines to
Find Unknown Angles
Oblique Triangles:

Limitations,of Using the
Law of Sines!.

The Law of Cosines:

4. 5,

7

3.7

7. Us_ng.the Law.of,Cosines,
ta,Pind,Unknown-Sides and'
Angles of:Oblique- Tri-
angles: .7

Right Triangles-Law -of
Sines and Law of-Cosines: 3.3

StrAtegie
-Triangles:

_

for Solving

10. The Law of Sines and
'Obtuse Angles:

11 The Law of Cosines and
'Obtuse Angles:

ed GeometriO, Problems

5

u A utot .4-5

5 4.8

4

4.4

4.2

.4.6

3.7 5.

3.7

Central Angles and Arcs-
of Circles:

Chords, of Circlet: 4

100%

6096-

100%

80%

80%

80%

80%

60%

4.6 80%

4:6 80%

4.6

4.4

4.7

Basic Problems.Involving
Chords and Circles: 4.5 5 5 - 4.8

4. Appljed Problems Invol-
ving Chords of Circles:

Sectors and Segments or
Circles.

4 7

150 1 9

100%

83%

8 °

4.9 100%

4 50%



Revolutions-and Rota-
tional Speed:

Circumferential Speed:.

Jkingular Measures of
Rotational Speed.;

9. C rcumferential Speed
and Angular VelocitY
(In Radians):

_Areas Of:Triangles:

Identities and Interpo ion

Definitions of the do- .
secant, Secant, ,and CO-
tangents of-an-Angle:-

2. Finding the Co-Secant,
Secant, and Cotangent of
an Angle:

Ratio-Identities

4.3

4. Pythagorean Ident' ies: 3 7

Simple. Identitiet-:

6 Reciprocal Identities,.

7. Verifying Identities:

3.3

3

Similar Aight Triangles: 5 60%

Numerical Trigonometry (Applications)

Measurement of Angles: 100%

2. Mapping: 4.4

Latitudes,and Departures: 3.3 5 4.4 67%

Calculations of.Aress: 5 100%

Measurement of Distances
in a Vertical Plane: 100%

140



Elec ronics

i41

153



BASIC ARITII1ETIC

Real Numbers

Basic Operations
with Whole NUmbers:

Combined Operations
with Whole Numbers:

Definition of ,

Signed Numbers:

4. Graphing Signed
Numbers:-

Basic Operations
with Signed Numbers:

Rounding Off:

Absolutt,Value:

Greatest Common
Diviser:

Least Common
Multiple:

Co -on Fractions

1. =Reading and-Writing:

2. Reading a Ruler:

Basi, Operations with
Fractions:

4. . Equivalent Fractions:

Basic Operations
with Mixed Numbers:

Combined Operations
'with,Mixed Numbers:

-Proper and Improper
Fractions:

COmplex Numbers:.

II V

5 =

5

-u A utot

4.8 4.7

4.5 5

4.5 5

4.5 5

3.5 4

5

4.5 4.7

3.8 . 3.7

3.8 3.7

3.7

4

155

142

4.8 100%

4.8

4.8

100%

100%

4.8 == 100%,

;4.2

4.2

100%

100%

100%

67%

6 %

67%

67%



Combining Like Terms:

10. Reducing to Lowest Terms: 4.5

11. Finding the Lowest
Common Denominator:

12.- Basic Operations with
Common Fractions and
Mixed Fractions:

Decimal Fractions

Reading and-Writing:

.Rounding Off:

Basic erations:

4. Table of Decimal
Equivalents:

5. Pradtion to Decimal
Conversion:

6= ,Decimai.to Fraction
Conversion:

'Scientific Notation

1. The CorlOOpt of Powers
'of 10:

2. S gnificant Figures:

3. Rounding Off.

4. Basic Operations
Powers of 10:

Raising to Powers
Using Powers of 10:

Using

.6, Extracting Square.Roots
Using'Powers,of 10:

SQuares andAuare Roots

1. _Using the Table of
Square Roots:

4.5

4.5

p M

4.7

4.

4.3

4:7

3.7

4.7

156 4 3

p A prat go4-5

100%

160%,

4.4 67%

4.4- 67%

4.9

4.2

4.7

5 4.

5

-100%

100%

50%

100%

100%

160% .

100%

100%

100%

100%

100%

4.3 60%



, Finding the Square- of a
,

.Number:

Finding the.Square'Root-
of a.Number:

-,Basie Operations
,Radicais:

The Radical Sign and
Index of Roots:

The Pythagorea Theorem:

Definitio

Converting Fractions
to'Percent:

Converting Decimal-\

\to Percent:

C6nverting PerCents
to Decimals:

.Finding the Percentage
Given the Base and Rate:

6. finding the\Rate.Given
the Percentage and'Base:

'Finding the Bas,e Given .

the Rate -and-Poicentage:

Solving Problems:
.

Ratio and Pro ortion

1. Definition of_Ratio:

2. Reduction of Ratio to

83%

4.3 5 4.8

4.3

Lowes:t Terms: 4.5

Definition of Proportion: 5

5

Finding the Unknown
..Term in a Proportion:

157

4

5

4.7

4 4

5

5

4 7

100%

83%

83%

4.7 83

4.7 83%

83%'

100%

4.7 100%

100%

100%



5. Application of Propor-
tion:

-The English System of
Weights and Measures:

.The Metric of Weights
and MeasUres:

8. English-Metri Conver-
sion:

The Binary Number.SyStem:

10, The Computer Number
System:

Computihg Lj.ke a Com-
puter:

12. Binary to'Decimal Conver-
sion:

13 Decimal to Binary Conve
sion:

Basic..Operations of
Binary Numbers:: .

. .

Multiplying and Dividing
Measurements:

Instruments of Menl.y_ini

p V.

4.5

'Linear Scales: 4 5

p A ptot %4-5

5

4.4 67%

50%

4.3 80%

5 100%

83%4.7

4.8

-5

83%

100%

100%

100%

100%

100%
7

2. The Gauge Number of Wire: 4.7 4 4.6 100%-

3. LogarithMic Scales: 5 100%

4. Angular Scales: 3.6 3.7 4.1 67%

_

Uniform.Scales: 3.4 3.7 674

Area-

1. Area as a Measure of
Surface Space: 4.2 5 4.4 78%



Area:Calculations of a
Circle (Diameter, Circum-
ference,,Arts, Sectors
Chords and Tangents):

The Prope ties of_

Time

Units of Time:

4%2 4

4.2 4

DiStancã .in Relation
t6 4.3

Frequency:

.Pe od: S S 100%

litot 964-5

4.4

4.8

00%

83

100%

.Geometry

Straigbt Line & Circle:' 3.6 4

Translation' of Axis: 3.6

Polar Co: dinates: 4.2' 4
.,

BASIC ALGEBRA

GeneralNumbers -

Properties of-Real Num-
bers:

2. Substi ution of Variables
into Algebraic Expres-
sionS:

Translation of Word
Expressions into Algebraic
Expressions:

Order of Operations:

5. E'valuatinw Expressions
Containing:Variablet: 5

Basic Operations Invol-
vingVariables:

5

5

4.2 67%

4.2 67%

4.4 50%

67%

5 100%

5 100%

5 100%

100%

100%



Axioms:

Constants and Variables:

Positive and Negative
'Numbers:

Powers and Expo ents:

11, Formulas:

Ratio and Proportion:

5 1 00'.0

Arithmetic 0 erations.14i h A ebraic Exiressions

Basic Operations with
Algebraic Number

station_
G ouping:.

ith Signs of

Distributive Law: ,

Equations Involving
Parentheses:

Equations as Symbolic
Sentences.

5

4,6

100%

100%

100%

100%

100%

100%

100%

1001

Removing Parent eses
Used to Indicate Multipli-
cation; 4.5

7. First Degree Equations
with Signed Numbers:

Adding and Subtracting
Like Terms: S.

Adding and Subtrac ing.
Polynomials:

10. Multiplication and Divi-

11.

4.7 4 7

sion Of Monomials and
:PolynoMials:. 4.3 5. 4.8

Inserti g Signs of Group-
ing: 4.3 5 4.8

12. Rules of Exponents:

i6o
1 7

100%

10096'

100%

100%

100%

83%

100%



v u A Utot

13. The Square of a Binomial

C.

Sumor Difference: 4.3 67%

14. PeodUct of a Binomial.The
Sum 'r'fference: 4.3 4.3 67%

15. -F1.17:-:0L g tYle Oifference- _ _

of Tv SquareLl: 4 5 4.3 ,67%

Fact: g Out 'the

Facto-,: - 4.7 4.9 100%

17. Fa,2c itg Polynomials: 4.5 4.3 5 4.6 100%

-18. 'Mul =::4tion by a

COmnon 5 5 100%

19. Special- or Expan-

sions: 4 3.3 4.3 56%

20. Extracting Square Roots: 4.7 4. 100%

21. Factoring Monomials.from

Polynomials: 4.5 -4.5 83%

22 Symbols of'Grouping: 4.8 _83%

23. Squaring Binomials:- 4.5 5 4.8 100%

Algebrai_ Fractions

1. Properties of Algebralc
.Fractions: 4.5 4.3 4.6 100%

2. GraphicRepresentation
Algebraic Fractions:, 4.2 3.3 5 4.2 78%

,Equations Involving
Fractions-: 4.7 5 4 9 100%

Basic Operations -with

Algebraic Fractions: 5 4.7 5. 4.9 100%
,

Special-Products: 8 3.3 4 78%

6. The Fractional Exponents: 5 3.3 -5 4.4 83%
----7----

Factoring Fractions= 4- 3-.3 5 CI 78%

Finding the .Leatt Common
DenominatOr 4 3 3 5 4.1 78%

1 61
4 8



9. Reducing to Lower Te ms:

10. Complex ractiots:

11. Improper Fractions and
Mixed Expressions:

12. Compound Fractions:

h V m

4

. 3.8

3.6

13. Quotients of Folknomials: 3.6

E uation$

3.3

3.3

. 1.
S

First Degree Equatioi!s in
One and Two Variables: 4.2 3.7

2. Literal Equatior? Formu-
las: 4.5

SimplificatiOn of Equa-
tionS: 5

4.7

4. Solution of Equations in-
Variables: 45 5._

Analysis of a Formula: 4.2

6. Transposition of Terms 4.2 3 7

-7 Transposition of Factors: 4.2

8. Translating Problems into
Equations:

Operations with Dimen-
sional Units:

10. Solving-Systems of Equa-
tions of.Two and Tbtee
UnYnowns Algebraically:

11. Dimensional units and
.

Convers1on:

12. Equations Containing
Fractions and Decimals:

Degree f an Equation:

Soiving Linear Equations:

4.2

4.2

4.2

4.2

149
162

3.7

3.7

3.7

3.7

u A utot %4-5

78% "

4.1 ' 78%

4 4

4 4.4

4.7

4 4.5

4 4

4 4

4 _4-7_

4.

78%

100%

100%

100%

78%

78%

78%

10000

78%

.7 5 4.3 78%

3.7 4:3. 78%

3.7 4 78%

a

100%



15. Algebraic Solutions to
Variables:

16. Equations with Unknowns in
the Denominators;

;..17. Radical/Equations:.

18. Proportions:

19; Propoltionality:.

1. Coordinate Nota 1YR.:
, -

2; Plotting Feints on Grapbs:

Graphs of Ordered Pairs

u m

5 5

4.2 3.7

3.74.2

4 Displaying.Data with
Graphs:-

5olving Problems by Means
.of Graphs: ..

.6.- Graphs of Linear Equa-
tions:

Solve by Comparison Of
=

8. Solve by Addition '& Sub-
traction:

9. ApPlications of Simultan-
eous Linear Equations:

Quadratic 'Equations

1. Solution of ax
2
4-bx+c=0:

,

Exponential_ Notation

1. Laws of Basic
,wfth EXponents:

orations

The Law of Zero Exponents:

4.7

4.5 4.7

4.5 4.7

4.5 4.3

163

150



least common .denoMinator a series of fractions. Instructional mode

number 2 consists :of,a.series of programmed'instructionai frames on

how to find the leastcornmon denominator of a set of fractions.
F



PROGRAMMED INSTRUCTION
for

LEAST COMMON DENOMINATORS

Before beginning this- _odule, it-is neced'aziry to . take the Pre-test on

Least Common. Denominators. Programmed instruction is.used as a workbook.

Each frame contains one or more blanks in which you should write the

numbers you feel best complete the statement in the frame.

It is

to cover

.working. It must be pointed,out that for maximum benefit, you must

neceSsary to use some device (a 5".x V index card is good

the answer which appeaelpirectlY below the frame that you are

not look at the answer before yOu record your responses in the frame_

Good LUCk!-'



LEAST COMMON DENOMINATORS

1. Lithe expression (2 1-4/5 4- 9 10), the numbers 3, 5, 10 are the

of the terms in Which they appear?

denominators

The'smallest number which ea h denominator t

30 not 50 150,

(213 )4/5 9 la divides

3. 30 i; the smallest number that is divisible by-3, 5 and 10,- Thus, the

Least Commonjilultiple LCM) of 3, 5 and 10 is

30

32 is the 12 and 32?

Least Common Multiple

LCM)

What is the LCM of 3, 4, nnd 5?

6
182



Some whole numbers may be "tactored", or written as the,product of

mailed whole numbers; e.g. , 14 = 2 x T. 21 =

3 x 7

24 la- be factOred _

24 = 12 x 2

4 x 6
= -3 'x 8

3 x x 4

-A--number iS 'factored eompletely when it is ,written as the produet

numbers. A:prime number is ahy whole number (other than 1) that is

dimisible only by itself and by :1%* Is 23 a .Prime numbe0

prime

Yes

'0 completely factored as r3 x 2a x



10. 24 = x2x2 x

12.

To.factor a number completely, art witn the smallest prime number

-and ask if it is a factor of the number.

To factor:36 completely, such as: 36 = 2 x

is not a factor of 9.

TrY the next larger prime number and

ask if 3 is a factor of

3 is a factor of-9

. 36 = 2 x 2 x 3 x 3

36 = 2 x 18

= 2 x 2 x 9

36 2 x 2 x 3_x

36, has been factored to its prime factors 36 2 x'

'Can any of these factors be factored?

'No,:by the definition'of prime numbers.

0

To factor 294 co pletely,,ask if,2 is a fac or, then 3, then/5, etc.

'Always progress in this order;,never just try factors at random.

The smallest prime number tliat is a factor of 294 is

1



\ 14. 294 2 x

.Examine the .final facter, 147

decidewnether it contains 3 a

factor.

a'x 1,47

294 2 x 3 x

149

16. Again examine:the finaactor, 294:= 2 x 147.

49.- 3 is obViously not.a. factor 29 2 x 3-x 49

of-49 . 294 =-2.X 3 x

.What factor shodld be tried

next?._
a

The next factor is

7, 7

17. 294.= 2 x 3 x Tx

-294 is completely factored as

just reviewed will

Shown here. Only the\ systematic approaeh,
\

ensure finding every prime factono

Factor completely: 5

56 = 2x2x2 x

170

C]l



18. Factor completely: 45 =

36 =

= 3 x 3 x 9

= 2 x'2 x x

19, Factor completely: 60 =

63 =

60 = 2 x 2 x 3 x 5

63 = 3 x 3 x 7

Complete factoring may be used to find the LCM of any series of numbers;

e.g., 10 and 15.

1- =

15 =

16 = 2 x 5

15 = 3 x 5

21 10 = 2 x 5

,15 = 3 x 5

The LCM must contain all the priim_ factors of 10 and 15 but without

duPlication of common factors.

The LCM of 10.and 15 Must contain the factors
5

22. 2, 3, 5 (Notice that 5 appears as a factor only once.



-23. 10 = 2 x 5

15 = 3 x 5

The'factors in the LCM of 10 and 15 are 2 3 and 5:

LCM of _10 and,15

= 30

24. Factor-completely:, 1

40 =

16 = 2 x 2 x 2 x 2

40 2 x 2 x 2 X 5

16 .= 2 x x 2

40 = 2 x x 2 x 5

The LCM must contain each factor the maximum number of times it is used

in either 16 or 40. The factors of 16 include 2's?

How rit-T7TY

The LCM must therefore contain
(Flow HI_

2's?

'four

four

16 =.- x 2 x 2 x 2,
140 = x 5
We know that the LCM must contain four

It need contain only one

in 40?

2's since there are four 2'a in 16.

, since this factor appears only once

172
18T



1_ = 2 -k 2 x 2 x 2

40 =. 2 x:2 -X 2 x 5

Thus , the LCM must contain four 2' s and one 5. Are there any other

factors of either 16r or 4o that must be included in the LCM?

no

28. 16 ;- x 2 x 2-x'2

40 = 2 x 2 x 2 x 5

X

LCM = 2 x 2 2 x x 5 = 80

Factor completely: 66 =

55 =

LCM of 66 and 55 =

66 = 2 : 11

5 x

4CM = 2 x 3 x 5 x 11,

30. 66 =- 2 x 3 x 11

66 = Sxll
LCM -= 2 x 3 x 5 x 1-1

The only factor common t

66 and 55 is

11

173

188



Factor the following and find the L.C.M.

66 =

55_

Thus, LCM

x 11
5 x 11

3 x 5 x 11

23 =

35 =

and

28 2

35 = 5 x

LCM 2 x 2 x 5 x

32. Factor the following and find the L.C.M.

62

93 .7--

LCM of 62 and 93 =

622x 31

3 x 31

LCM 2 x 3 x 31

33. The first step in adding and subtracting fractions is to determine the

Least Common Denominator for the fractions involved. -We will first

consider several numerical; fractions and then consider the general case.

of algebraic fractions. .

174

189



.'The. Least Common DenoMinator of the series of fractions is simply they

LCM of the of the fractions-.

denominators

To find the Least Common Denominator

determine the of 27 and 4

CD) o 27 and 6 115, first

LCM

LCM of 27 and 45 =
(Factored form)

LCD of 4/27 and 6 45

3 x 3 x 3 x 5 = 135

135

Find the Least Common Denomina o LCD of"1/6, and 5 12.

LCD.=

x 3 or

38. The only fac -or cOmmon to the denominator of 87/52, 19/39, a d 25/78

is

13

175

190



39. Find the LCD of 87 52, 19/39 and 2378.

LCD

2 x 2 x 3 x_13 or 156

'5,iince the denominators of 1/3, 1/5 and 1/7 cannot be faCtored, each

must be a factor in the LCD. The factors in,the'LCD are

__d

7

La.' To find the LCD of 3/8, 5/9

denominator.

= x 2_x a 1 It 1

d 7/12,

28

9 3 x
12 = 0

find the factors of each

3/8 5/9 7/2 8 = 2 x 2 x 2 12 = 2 x 2 x 3/

The maximum number of times 2 is a factordn any of, the above denominators

The maximum number of times 3 Is a factor in any of the above. denominators

1 6
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143.

9 3 x 3

12 = 2 x 2

The LCM of the denomina_or 8, 9, 12'

is

2 x2x2x3x

44. The LCD for 1/2 6 and 1/9 is

45. The LCD for 3/14 5/28 and 3/35 is

1140

The LCDjo 3/17, 2/34 'and V68 i

68,,

47, -Tha,LCD for 1/10_ 4/15 and 7/25 is

150u

1 7
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48. 5 6, 29/42 1/63' Fact 36 =

(prime factors ) 42.=

36 =2- x 2'x 3 x

42 2x. 3-x

63 = 3x.3

5/36; 29 42,' 1 6-

LCD =

50. You

Common Denominator for any series of numerical fractions.:

You have also caleulated a sufficient number and varietY of L0D's-t0

become quite proficient in-the application of the technique reviewed.

36 = 2 x 2 x 3 x 3

42 = 2 x 3 x 7

63, ; 3 x

LCD.= 2 x 2 x 3 x 3 =252
0

have now,reviewed the most efficient way to determine the Le

STOP

178
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16=8x2
16. 7 14. ,x 2 x 2'

26 2,x 2 x 2 x 2

10.
214 =.12 x

b) 214 = 14x

c) 214'-= 3 X

d)2143xx.

11. a) 3 = 3 x 1
b) = x 1
c) 8 2 x 2 x 2
d) 5 = 5 x 1
_012= 3 x 2 x 2 x 1

12.

A

13.
2 x

x.

15.
'6 =-'

2214'



16.
=72 =

17
a 35 =

b 16 .=

60 =

d .63 =

18.
' 10 77 2 x 5

15.= 3 x 5

26 =' 2 x 13 Answer

39 = . 3 x 13

2
18.
30 =

21.
18 include

'LCM inciudes

3's

22.
Answer

23.
18 = 2 x
'30 =
LCM

5

206



x

26.

28.
LCD of 27 and 145

35 =

55 =

77 =
LCD-=

30.
Firid LCD for 19 25,

39 70
LCD

207
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31.,

LCD =

3 1 + 3-_ 4
+ 5 5 5

34.

35.

36.

3 2
13 39

13 = '13

39 = 1
LCD = 1 x 3 x 1 = 39

3equivalent to

21is equivel.eut ,to

equivalent to

;7 X 3

) I x 1
3 3

7

_ 7

7 21
3 3 .

21
3

13
3

=

3 9
13 3-9'

3 9_

13 7 39,

37-
1 3

+ LCD

208



38.
4

fT1

2 3

14

1
13

14

39

1 3

I M. 28

209
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Subtrartion of Frac ions

GENERAL INSTRUCTIONS

1. Before beginning this mit:lute, take the ppp-test asSessment to

determine your knowledge for Subtraction of Fractions and their

prerequisites.

2. Select one of the twe instructional modes -- ..assette tape or

programmed instru on -- and complete the study.module.

3. Take the post-test to de'Terminp your mastery ef Subtraction of Frac

PREREQUISITES

The following prerequisites should have been mas ered before under-
.

taking this module.

1. Least Common Multiple

2. Factoring a Number into Pri e Facto s

Least Common- Denominator

PRE AND POST-TEST PERFORMANCE SPECLFICATIONS

Given two different fractiolfs'you will add and record your=añswer on

ions.

the assessment instrimient. There will be five eamplea on the instrument.

The aCceptable performance,level will Le 80 correct responses.

INSTRUCTIONAL, MODES,

Choose one of tvio different instructional modes. Instructional

mode, number I consists cif a cassette tape.on how to subtract a series of

fractions. Instructionar-mode-number-2--conaists--of-a series of pragraftmed
" -

instructional frames on how to subtract a set of fractions.

210
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PROGRAMMED INSTRUCTION
for

SUBTRACTION OF.FRACTIONS

Befere beginning this module, it is necessary to take the pretest On=._
Subtraction of FractionS. Programmed instruction is_ used as-a. workbook.

.

Each frame contains one or more blanks in which you should write the

,numbers you feel best complete the statement in the frame.

3 x

It is necessarY to Use some d6viee (a'5" x.8" index Card isgood

to cover the answer which appears directly below the :frame that yoU are

werking. It must be pointed out, thatfor'maximum benefit, you must

, Ifot look at_the-answer before yot0-ecord4yourS=responses in the frame.

Good Luck!

21 i
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SUBTRACTION OF FRACTIONS

Programmed texts are used, as workbooks: Each -Ame contains one or more'

blanks, in whieb you should write the numbers or symbols you feel Pest com-
,

plete the statement in the frame.

,2 x 2.
-0

4

2. As:soon as you have;written yoUr answer, but not-before, loOR bel w and

find the correct answer.

2 + 5 - 1

Compare your answer with the correct answer. If.your answer is the same;

proceed to the next frame; if your Answer is different, study the frame

and the answer until you identify your error. .Programs develop progres-
,

sively and you must understand each frame before.you proceed/to the next..

4 x 2 x 1

212



In Order for you to derive the-maximum :Jenefif from this program,

essential that you write youransWers and check them immediately.

6 4-

is

5. Read all instructions carefully and work as rapidly and as accurately as-

you can. Remember to write your answers and to Checkithem immediatel

(7 4- 3)(2) =

2). 20

6.. The programmed review of subtraction of fractions beg ns with the next-

frame,. The first Segment of this program consists of 16 frames.

Good Luck!

al-wo or more numbers Multiplied tOgether'are terilled factors, and the result

of the multiplication is termed their product

2 x x 5 7 40 Product F Factors =

Troduct m 40

Factors = 2, 4, 5

213
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2 x 4 x 5 40 Product: 40 Factors: 2, 4, 5.

If the factors aredivisible only by themselves and-by 1, they are _alled

,prime.factorS.'

Are the factors o 40 listed above all prime actors?

s divisible -1Dr 2 as well as 4 and 1.

3:x x 5 105

Are 3,7, and 5 the- prime fad-tors of 105?

Yes

10. The- prime factors of 26 are 13 MI 2; i.e., 26

Similarly: ,12 = 2 x .2 x

16 x 2 x 2 x

2 2 x 2 x 3

16 = 2 x 2 x 2 x 2

. 2 x 2 x 2

ReCall -that the Least CoMmon-Multiple (LCM) of aseriesof nuMbers is the
, .

cs_LnIlltsJy_ whole mumber that is divisible by 'every memberof the:

series.,

Smal e

4



12. 8 =

12 =

16 =

2 x 2 x 2
2. x 2 x 3

x 2 x 2 'x 2

13. 14 = 2 x 7

21 = 3 x 7

49-= 7

LCM= x

Oiye prime factors).

r

x 7-X

14. The Least Common Denominator is simpli the LCMP of the denominators

, of A. series of fractions.

The LCD for 1, 3, 5
6 8 12

iS

6 =

8.= 2,

12,.= 2

LCD'= 2-x 2 x 2 x 3

2

2

i5L.

214



-15. Find the Least Common- Denomina o LCD :Or the fractions ill OAS expres

sion:.
.3 -4: Z-_+ 7
ib

LCD

10 2--

5 1

LCD rz 1 x 2 x = 90

1: . Find the Least Common Deno nator LCD) ,o_- 9 5 2
2416 21

17.

LCD

24 -= '2 x 2 x 2
16 2 x 2 x 2, x 2
21 x 7

LCD 2 x 2 x 2. x 2 x 3 x 7
336

3
9

18. 9 5_ .3_

10 10 10



-19. In the last ,itwo frames, you subtracted fractions that had the sam

denominators. The numerators of fractions may be subtracted directly only

when they share ',the same_denominators. When the denominators of.a serkes

of fractions are, different., each fraction in the series must first be

changed'to an equivalent fraction with the same common denominator.

\

20. To express, 8 as a Iraction- hose denominator is 32:

3
=

21. 5

5 15
37T

22. -To'selve 11 ?

35 , 210

d nominatOrs

iciently, consider the prime factors of the

5 x 7 210

_2-1 7_



23; 35 = 5 x

210 5 x 6 x-
11 9

35 210

is the 'only factor -210
and 35 must both be multiplied. by
fraction

that is not a factor of 35 . Thus, 11

to obtain the equivalent

6

6

66
210

Since 14 = 2 X 7 and 42 = 2 x 3'x 7,

42

3 3 9
42

25. To solve 15
42 1 8

168.: =

Give prime
factors.)

42 3 x 7
168 = 2 x 2 .x 2 x 3 x 7



26.
28 =

=

LCM

2
27

LCM

28.
LCD 27 and 145 =

35 =

55

. LeD

30.
d LCD for 8752

19
39

25
78 LCD

2514



32.

.2 .-
13- 39

13 =:1=3'x 1

39 = 13 x 3 1

LCD= 13 x x 1 = 39

is equIvalent to

.is equivalent to 21

9equivalent to -39

x 1
2 2

7 7

3 21
3 9

7 21 3 9
13. 39

3
111

LCD =

255



10 2
3-7 -174 3-74---
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MultiPlication:of Fractions-

GENERALINSTRUCTIONS

1. Before beginning this module, take the pre-tes 'assessment to

determine your knowledge for Multiplication of Fractions and their

pre'requisites.

Select one of the 1 Modes -- cassette tape ortwo ins ructiona

programmed instruCtio_ -- and &mplete the S udy module.

Take the post-test to determine yodr mastery of MultiplicatiOn

Fractions .

of

PREREQUISITES

The following prerequisites should have been-mas-ered before under-

taking this module.

I. Factoring a Number.into Prime Fac=tor=s

Equivalent Fractions

Reduction of Fractions

-PRE AND POST-TEST PERFORMANCE.SPECIFICATIONS

Given two diffe ent fraCtions you will,multiply,and record,your.answer.

-There will be five examples On the instrument.on the assessment instrument.

The acceptable performance level will be 80% correct responses.

INSTRUCTIONAL MODES

Choose one of two-different instructional modes. Instructional mode

number 1 consists of a cassette tapb, on_hbw to multiply a series of fract ons.

Instructional mode number 2 con ists of a series of programmed instructional

frames on how to multiply a set of fractions.



_

PROGRAMMED INSTRUCTION
for

IPLICATION OF FRACTIONS

Before_beginning this m dule necessary to take the pre-test on

Multiplication of Fractions. Programmed instruction is uSed as a workbook.

--Each Trame..contains-o4e or nore bjanks'in which koU,shoUld:write tfie''

.numbers youfeel best,complet :he staipment:iii-the.

x

It is necessary to use some device Ca S" x 8" index card is good)

to cover the answer which appears dire tlY below the frame that'you are

working. It must be pointed lout that fo maximum benefit, youmust

not look at the answer before you record our responses in the frame.

--Good Luck!

2 7
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MULTIPLICATION OF FRACTIONS

Throughout this program, .questions you are asked tO answer will appear

in boxes like this one; these boxes are called frames. The next frame

,appears below.

The answers appear in this position on every page.

Programmed texts are.used; not read. Each frame contains one or more

blanks in which you should write the numbers or symbols you feel best

complete the statement in the frame.

2 x 2 =

As soon as you have written yoUr answer, :but.not before, look below at the
*'

answer.

5 - I

Compare your answer,with the correct answer. If your answer is,thesame,

proceed to tHe next frame; if yoUr answer is different, .study .the frame and'

the answer until'you identify your error. -Pregrams develop progresSively

and '5r-Ou must understand each frame befere you proceed to the next.

4 x 2'x 1 .=

8



In order for you to deriVe the-maxi um benefit from this program, it is

essential that you write y9ur answers and,check them immediately.

4 + 5

3

6. Read all instructions carefully.and work as rapidly and las accurately

as you can: Remember to write your anslta& and to check them immediately!

(9 A) (3) = (3) =

The program in this Initruction reviews ,a number Of-teChniques that

facilitate -the-rapiciand efficient multiplication of ,fractions and

fractional exp-essions,

Good ,Luckl

To multiply two fractions !X E-
,

simply multiPly the numerators togetherb d

and multiply the denominators together.

a c

b d

a x.c de
b x d or

239



, 3 5 3 x 5
-7. '7 x 8

. 11. This principle may be &Planed to

fi.'actiens: a c e acexaxf.
2 3 6

he multiplic4ion any series ef

2 x 3x 6- 36

-$ x. 7 x 11: 385

Thesimple steps of changinveac:hlerm to:prime factors and then

reducing will'eliminate a great deal- oftedious multiplication and-

-divisiOn that often causes careless errors. You.will'befiefit considerably,

'therefore, br- mastering the approach developed in the following segment.

This approach, feelProof when properly applied, is based on the use of

prime factors.

240



A prime number is_any whole number (other than 1) that is divisible only

: bY itself and by 1.

Which, of the following numbers is/are p ime?

'3 6 , 7 13 15 18

2.4, Two or more numbers multiplied together are termed fac o

result of-the multiplication is termed their produc

2 : .x 5 = 60

Factors =

Product =

60

15. A number is reduced to its prime factors_when it is represented aS the

product of a series, of primp numbers; e.g.,

26 m 2 x 13 18 = 2 x 3 x 3

27 =

16. Rewrite a_ prime

16 m

-30 m'

ctors:

112

=

241
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To multiply fractions, first rwriteeack:number a

For Example: 4 9 2 x 2 3 X 3
567 x f6 x3x2 2x2x2 x
for: 12 10

30 x 15
Give p ime

2 x2 2 x 5
3X 5

18. .Note that 2 x 2 x3 4y be regroupea as 2 3'

-2 x k 5

_Since 2/2 =

common to both numerator and denominator.Nill/will. 11o:0-change the value-

of the. fraction.

an4 3/3 =,

y x

, the elimination of factors

1 1

not

-2 x 2 x 3 2 3x
3

2 2

2 x 3-x
-A

2 5 5

3 x 5

3 1

242



20% The elimination of factors cOmmon to both

'fraction is termed reducing.

Reducing: 3 x 7X 13
3 x 5 x 7 x 11

numerator and denominator of a

5

x x -13-
_ 7 5 x

5'x II

21 It is not actually necessary to regroup the prime factors of numerato

denominator when reducing a fraction.

Reduce directly: 2 x 2 X 7 X 13
7X13X13

Do NOT Multiply.
Keep prime factors-.

a x 7 X /A _2_2L2

ZA x 13 13

and

The secOnc,1 step in muitiply5-mg fraction: is to.redum.each fraction.

poSsible.

12 10 2 x 2 x 3 2xS 7x2x
30 X.35 )2x3xsx5x7zx

2 2
x

243
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'3 x 3
2 x 2 x 5

23 12 10
c7jx

35

'24. Try' another exampl_ by .ttep.

21 12 ==4.
20 Give'primo. Do not redtide.'

=

25., 21 x
20 0

3i__ x
2 x 2 x

)

(Rewrite remaining prime'
factors in a single fraction.)

'2 4

9r,c



3 x 3
x 2 x 5

Give prime factors:only.
Do,notreduce.

-,-,

, 28. -.28 2
30 x 33 x
Reduce again to ob ain

Give piime'

(prime factors)

3 x 7 x 5
3 x 5 x 11
-2_ x 7 114

3 x 11 33 .

245
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2 34- 5 2 x-17
4 x- x 5 x 11

Give piiMe factors and reduce each fraction separately.

12 10 -x _
14

2 x 2 x

Give' prime facto

. 31-. Give pr me factoi

3 70' 48=

X... 16 35

for each frac

IC.
x

on 4nd reduce. Do not mu1tip1y .

2 x 2 x 2)( x5 x
x 3 x 3 /x 2 x



21. 'VI 4. 4/5-m

3/7 5/4 1 28 I5/28
4/5 x 5/4

You have now completed the unit on diviston of*fractions and you should take

the posttest to check your competency in this area.

STOP

2 1



Tape on
,Division of Fractions

We now study thedivision of fractions beginning_sath a study of the mul-'

. plication of fractions-.

To multiply two fractions, you simply multiply the numerators of the fractions
together and milltiply the-denominators together.

z

frame 1, 1/5 is'multiplied by 2/3, and the result is 2/15.

-In frame number 2, multiply the following fractions: 1/7 x 1/
lb) 3/11 x 3/5 = c) 11/12 x 5/9 =

-Hereare the 'answers: The answe- to a) is- 1/21; The-answer tO b) is 9/55;
The answer to 6).4$'55/108.

In frame number 3, multiply the following :fractions: a) /8 x 5/7 x 1/2;
b) $/12 x 7/11 x 1/4; and c) 1/4 x 3/7 x 5/13.

Here are the answers: The answer to a) is 15/112; The answer to b) is 2

The answer 'to c) is 15/364.

JOu have now seen.the principle of the oultiplication of fradtions at work
To multiply.fractions, we simply-multiply:the numeratorS together and multiplY
the -denominators together-

.

This principle may-be applied.to the-multiplication oE any:series..of fractions.
For example, look at frame.4: a/b x--c/dx e/f x g/h = (a x c xex g)/(b x d x f x h)..

The simple steps of changing pub.-term in'the numerator-and the:denominator to
:prime factors and then -rOucing will-eliminate a great deal--Of tedious,
multiplication thatoften causes errors. You will benefit considerably, there-,
fore, by Mastering the approachdeveloped in the following frames.

A prime number is any whole number, otherthan one, that. i divisible only'

-by itself and one.

In frame 5, determine whether the numbers 3, 6, 7, and 12 are pri e numbers -ornot
prime-numbers.

Here are the answers: .a) is a Prime number; br6 is not a prime number because
,you can multipli 1 x 2 x 5;.c) is a prime number; and 12 is not a pl7ime number
because you can Multiply 1 x 2-x 2 x 3.

Ws seen in that ,frame that the numbers 6 and 12 can be divided by 1, 2, and
3 and that consequently they are not prime numbers. qwo or more numbers
multiplied together are termed factors and the result of their multiplication
is termed their product.

In frame number 6, we have the following multiplica ion:
The factOrs are 4, 3, 6 and their product is 72.

262
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Division of Fractions

Arhumber is,reduced to its primeJactors yhen it is Tepresented as the prodUctjef a Series of prite numbers. For-example,'in frame 7: 26 = 2 x,13;27 = x '3. The product of 26- is represented by the multiplication of 2anet13. These are both prime .factors. .The product of 27 is .represented by
3 x 3 x 3, :Which are all prime factors.

In frame number 8, identify which of the numbers are prime number

Here are the answe S: -11 is-a prime number, becaL e 1 x 11 . 11; 15 is notaprime number; be ause 1 x 3 x 5 = IS; 17 is a prime number, because 1 x 17 --17;23 is also a prite number because 1 x 23 . 23.

In frame number identify the products and factors of 27 and 105.

Here are the'answers:- The factors are 1, 2, 11,
are 22 and 105. and 7. The products

In frame number 10, rewrite the numbers as prime factors.

Here are the answers: The answer to problem a) 12 = 2 x 2 x 3; problem b)30 = 2 x 3 x 5; problem c) 25 = 5 x 5-; problem ) 7 is already a prime number.

To multiply fractions, first rewriteeach..numbeL,as _its prime factors._ For_
example, look at frame number 11: 4/6 x 9/16 . {(2 x 2)1(3 x 2)1 x
([3 x 3)/'(2 x 2 x 2 x.2)1.

In frame 12, giVe the factors for. 12/30 x 10/35.c

Here.is the answe : ((2 x 2 x 3)/(2 x 3-x 5)1 x ( (2 x.5)/_ x 7)1.

Note-that the.answer givenin 12-is alse given in frame 13. And that (2 x 2 x 3(2 x 3 x 5) may'be regrouped as 2/2 x 3/3 x 2/5. Lookingrat frame 13,again,
since 2/2 equals 1, and 3/3-equals I,what we have-is 1 x11 x:2/5., Therefore,the result in frame 13 is- 2/5. ThisJs clarified for you in frake 14.

,
The elimination of factors cominon to numerators and denotinators does.notchange the ValUe of a fraction. The only Change is.itS -form. For instance2/2 equals 1, 3/3 equals 1, and if yoU multiply any number by 1, you haveresult that is equal tp that nutber. As an example, look at frate 15.Problem a)1x1x5 = 5% 'In problem b) 2/2x3/3 x 5/r .1x1x5 . 5As it is- seen, the value is not changed. The-elimination of factors commonto both the numerator and denotinator of a fraction is termed reducing.

In frame 16, reduce the fractional multiplication.

Here is the answer: The'problein .again was (2 x 5 x 11)/3 x.5 x 7 x 11this gives us 5/5 x 11/11 x 2/3 x 1./7 which is equal to /_3.x .7

In frame 17, multiply and reduce the fractions.

263
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Division of Fractions_ _

The answer is 9/11.

In frame 18, multiply and reduce the frac ions.

Here is the way the problem would read if you have go ten a correct an wer:
12/39 x 10/35 --,' 1(1 x 2 x 2 x 3)1(1 x 2 x 3 x 5)) x 1(1 x 2 x 5)1(1 x 'x,7)}.
This would equal 4/35

In frame 19, multiply and reduce the fractions 35142 x 34/55.-

The correct_answer is 17/33.

Atiltiply and reduce,the frac ions in frame

The an -Or is 2/3.-

It was necessary to review the multiplication of fractions before we can learn

how to divide fractions. In division of fractions, you use the same techniques
as we learned in the multiplication of fractions, except that you encounter
the concept df reciprocal.

.The reciprocal of a number is defined as that number that you can multiply a ,

number-by and get am answer of 1. For-example,-look at frame 21: 1/2 x 2 = 1;

'2/3 x 3/2 = I; and 3/7 x 7/3 = 1. kt is seen that 1/2 is the reciprocal of 2,
2/3 is the reciprocal of 3/2,-and 3/7 is the reciprocal of 7/3. It's rather
obvious that to get- the reciprocal of a number we simply turn it upside-down.

,In frame 22, give the reciprocals for ihe numbers indicated. .

Here are the answers: The reciprocal of 3/5 is 5/3; the reciprocal o_ 7/11 is
is 11/7; the reciprocal of 5 is 1/5; the reciprocalief 4/3 is 3/4.

In the division of fractions, you-simply change the divisor twits-reciPrOcal
and multiply.. -For example, look at frame 23. 5 1/3 equals 5 times the
reciprocal' of 1/3 or 3/1, resulting in an ansVer of 15.

In frame 24,find the.quotient of the following fraction's. Theterm quotient
jrlerely means the answer to a divisiOn problem.

The ansWers are: Problem a) 2/15; Problem b) 9/7

In fr_ e 25, divide and reduce the following fractions

Here are the ansWers, as we look at the pioblems together: For problem a)

12 35-i- 4/7 = 3/5; for problem b) 33/13 4,5/39 = 99/5..

In some cases, division of fractions is written as shown in frame 26 This

type of division is better written in the form shown in frame 27.

'13:), rewriting the frac_ion as shown in f- me 27,--it puts it in a form that will

lead to fewer errors. In frame 28, do the ivision of the fractions%

0 4
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Division of Fractions

The correct answer is 5 3.

-ame 29, divide and reduce the fractiOns 34/39} _17/3).

The .correct answet is 2/13.
s

Now, divide and reduce the fractions in 30._

The correct answe 7/5.

This concludes our self-study of the division of fractions. Now, please take
-the posrt-test to help determine your competency in this area.

265
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Workbook for Cassette Tape
on

Division of Fractions

1 2. 1 x 2x = =

Name

1 1 x 1
3 7 x 3
3 3 x 3

11 x 5

5 11 x 5
9 12 x 9

3- 3 x 5 x 1
8 x 7 x 2
5 x 7 x 1
12 x 11 x-it

1 x 3 x
x 7 x 13

C. e
d

=axcxexgbxdxfx.h

5-
a) 3 = Prime = 1 x 3
b) 6 Not Prime = 1 x 2 x 3
c ) 7 = Prime = 1 x 7
d) 12 = Not Prime = 1 x 2 x 2 x 3

4.x 3 x 6 ... 72 Factors = 4,
Product = 72

266
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,26

3 x

8

. 22 1 x 2 11.

105 1.x13 x 5 x
Factors =
Products

10.
12 = 2 x 2 x

b 30 =

c) 25- =

d) 7

11.
2 x 2
3 x 2 x 2 x

12.
12,. 10
30 x 35 X

2x
5

267
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23 .
3 15

5 T

211.

3 /7
8/17

27
.- 3/7

8 /17
8

17

C_

2
34/39
17/3,

3O.
12/3o

-10/35

269



PRE-TE8T: OPERATIONS ON.FRACTIONS MINI- ODULES
(LCD, Addition and Subtraction)

DI,RECTIONS: In the following examples you will encoun er problems
dealing with,operations of addition and subtraction of fractions. Please

answer each Problem carefully.

1. Find the- LeaSt Common Multiple of the following numbers: 3, 11,_and 5.

AITSTATER

/Identify which of the following numbers are prime.

XAMPLE: a) 3 FT,

)0j 9 =

c) 26 =

d) 29 =

COmpletely factor the following uMbers:

:EXAMPLE: a)-1

b) 30 .

c) 63 =

:Find the Leapt Common penoml_nator of the following fraptions

EXAMPLE: )3+ 374 + 1 LCD = 68

1,) 3 4 7 4 5 , ,LCD ---4
-1 13 26 39

2 5 2
c) a + K-6 + -IT , LCD =

Add or subtract the following fractions:
3 1 _5ary + -

b)A +a- 2
77

1 1 =
7

5 2
11 66: 7 77

2 0



PRE-TEST: OPERATIONS ON
FRACTIONS MINI-MODULES

(Multiplication and Division)

DIRECTIONS In the following examples you will encounter problems dealing

with operations ofMultiplication and division.of fractions. Please

answer each problem carefully..

Identify which of the following numbers are prime..

_Example:. a) 3 =- prime

b) 9 =

c) .26.=.

.dY29 =

Completely fattor the following n s:

Example: a) .18 = 3 x 3 x 2

b) .30 =

) 63 =

Give tho reciprocal of the following numbers:

ExamPle:, a).3 =

b) 7/8 =

c) 7/2 =

4. Reduce the,following fractions:

Example: a) 26 2 k 13 2

39 3 x 13 -8-

) 16
112

c) 32
56

-Multip y or divide th following actions:

a)

b)

c)

d)

3

7
x

5

2639
7/22

51

3

39

25

2 7 1



,

'POST-TEST: OPERATIONS..ON FRACTIONS MINI-MODULES
(LCD,Addition and SubtractiOn

DIRECtIONS: In the,following eamples you will encoun er proble
dealing with operati6ns of addition and snbtraction of fractiOns. Please

answer each problem carefully:

1. Find the Least Common Multiple of the following numberS: 5, 1 an4 35.

ANSWER

2. Identify which 4f the following numbers are prime.

EXAMPL a) 3 = 2Iime

bY7=
c ).21

d)31

3. Completely factor the following numbers:

EXAMPLE:' a) 18 = 3 3 x 2

b) 40 =

c) 102 ='

Find the Least Common Denominator of the fo1lo ling ractions:

3 117
EXAMPLE:

.

TT- -67 , LCD = 68

b) i 4 2
LCD =

'li'39 68

+- 3

20 100 '

5. Add or subtract the following Tactions:

2 ; 7 3

b)

11

3 +

22
2

88
7
-=+-

c)

7.

12
17 119

Q12

d)

13

5

8

78

3

117

9
-192-
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'POST-TEST: OPERATIONS ON
PRACTIONS MINI-MODULES

,uktiplicatfon and Division

Identifyiiihichof the, following numbers are

Example: .3 =

-b) 11::=

c) 68- =

d) 31 =

2. completely factor- the following number :

Example: 18 = 3 x 3 x 2 .

b)68=
c) 76 =

Give the reciprocal of the following numbers:

Example: a) 3 = -1/3

, by 5/3 =

c) -13/2 =

Reduce the follo ing.fractions:

Example: a) 26 2- x 13 2 13 2

39 x 1 73- x 13

b) 32
160

1 72
182

ultiply or diVide the following :a- ions:

) 22 21 =
36' x 11 I

, b) 17 .

c) 7 21_

30: 10

d) 17/26
68/52

2 7 3
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erations with Algebr ic pressions

G.
Concept

2 . Multiplication &
division of.monom als
.and polynomials:

21. Equations as symlic
sentences:

22. emoving parentheses
used to indicate'
Multiplication:

Adding and sub racting
pOlynomials:

24. Inserting signs of
grouping:,

25. Bules of Exponen s:

The product ea
binomial sum or
difference:

Behavioral Objective

From a reresentative group.,
pf five problem0i, the student
will find the correct solu-
.tiOns to at:least four by
applying.the rules governing
multiplication and divisiOn
of monomials & polynomials.

The stUdent will read ah
equation alOUd.and interPret
it as a sentenCe.

The student.will simplify
eqUations by performing
indicated multiplications_
inorder to be ableAo
remove parentheses.. Min
mum performance level
will be correctly solving-
four problems Srot a set
of five

The student will demonstrate
'his ability to.add & subtract
polynomials by combining
siMilar terms. An acceptable
performance level will be 80%
correct Answers.

0

The ntudent will clarify a:
set of problems by inserting
'signs of grouping.

The 'student will demonstrate-
an understanding of the rules
of exponents by .stating eacli
and working,an exaMple
MiniMum ability, willjpp.80%
accuracY.:

The ,student will expand
binomial sums .or differences
for ten problems. Minimum
level of performance will be
eight correct answers.



Arithmetic Operations with Algebraic Expressions

COncept Behavioral Objective

Factoring the
difference of two
squares:

28. Factoring out the
common factors:

29. Factoring polynomials:

30L Multiplication by a
common factor: .

31. 'Special products:

32. Extracting square roots:

Squa,-ing binomials:

Algebraic Fractions

.The student will accuratelY
factor four of five problema
involving.,a difference -of-
twe squares anclwill check
by multiplying the factors.

Four of five problems will
.be-correctly solved when the
student has factored out
common factors.

_The studentwill completely
factor eight 'of ten expres-
-sions involving polynomiala.

The ptudent will demonstrate
the ability to multiply by
a common factor by correctly
expanding four of five given_
expressions.

The'student will state the
expansion formulas for
products of a sum and dif-
ference, the square of a suM,
cube of a sum and cube of a
-difference.

The student Will extract
the square root of eight of
ten given expressions,.

The student,will demonstrate
the ability to.square binomials
by correctly solving at least
four _ five representative
problem

Concept'

Properties of algebraic
fractions:.

Behavioral Objective

The student will state the
properties of algebraic
,fractions and will illustrate
each with an exaMple.



Algebraic Fractions

Concept Behavioral Objective

.39. -Basic operations with
algebraic fractions:

36-. The fractional
exponents:

37. Finding the least
common denominator:

Reducing. to lower terms:,

Inequalities:

The,student will=correctly
Solve eight of ten'equation
involving the four'basic
operations with fractions.

For.a given set of radical
expressions, the student
will simplify-W-expressing
in terms of fractional
exponents with 80% apcu acy.

The atudent will express each
denoMinator as a product-of
prime factors and will use
these prime factors to find.--
the LCD correctly for seven
out of eight problems.

The student will factor both
numerator and denominator
into prime factors and will
'cancel cpmmon- Edbtors to

. -
reduce Tour of-five fractions

-to lowest terms.

Concept Behavioral Objective

39. Properties of
'inequalities:

40. Literal equation
formulas:

The student will state the
properties which are'common
'to both equalities and
inequalities, and will give
examples of properties which
are 'different for inequalities.

The studei ! will solve eight
of ten representative equa.-
tions involving variables..

41. ,Equivalent, identical From a list of ten equations,
the student will correctly

-identify at least eight as
eigher equivalent, identical,'
or conditional.'

and conditional equations:



Inequalities

Oancept Behavioral Objective

/42. Simplification
equations:

Solution of. equat _ns
in variables:

44. Analysis of a formula:

45. Transposition of terms:

46. Transposition of factors:,

47. Translating Problems into
equations:,

4 . Operations with
dimensional units'

49. Solying systems of equations'
of two And three unknowns:

49. Timensional,,unit- and
conversion=

Equations containing
fractions and decimals:

Given five equations, the
student wil? simplify at
least four.

Given ten equations, the
student will solve at least
eight in terms of a given

Given five formulas the
student will analyze at least
four into component parts;

The student will define the
term transposition.

Given five equations, the .
student will demonstrate the
transposition of factors
with 80%-accuracy.

Given f ve word problems,,the .
student will translate at
least four into equations.

Given ten-formulas, the
student will analyze eight
in, Terms of dimensional,

units.

Given ten equations in terms
of 'two and three unknowns,
the student will solve
at least eight algebraically.

Given five-dimensional units,---
the student will convert.at
least four to other dimensional
units.

Given ten equations containing
fractions and-decimals, the
student will splve at least
eight.
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Inequalities.

Goncept Behavioral Objective

51. :Degree of an Equation:.

52. Solving linear
equations;

53. Algebraic solutions
to variables:

54. Equations with unknowns
in the denominators:

55. Propor ions:

56, Proportionality:

-Linear Graphs .

Given five equationa -of
various degreea, the student
will identify at least four.

Given ten linear equations,
the student will solveat
least 'four.

Given'five variable euqations,
the student will 01.:te at
least'fbur in terthaof a .

sloecified variable.

Given ten equations with
variable fractions, the
student will find the LCD
for at least eight.

'The student will giVe the-,
definition for proportion.'

Given five proportionalities,
the student will translate
at least four in terms of
equations.

Concept Behavioral Objective

51. Coordinate-notation: The student will define .

coordinate notation..in tents
of a cOrtesian graph-system.

58. Plotting points on grapliP: Given five ordered pair,
the student will plot at
least four.

59. Displaying -data with - Given a set,of datal,the
graphs: -student will-display the da a-,

-
by three,..gyaphs with 80%

aq-Tal-h6Y.

0 5



Linear Graphs

-Concept
Behavioral Objective

60. Solving problems by,
means of'graphs:

61. Graphs of linear
equations:

Determining linear
function from two points*

63. Graphing parallel line-

64. Graphing perpendicular
lines:

Graphing lines parallel
to the axis:

66. Graphing solutions of
simultaneous equations:

67. The slopc of aline end
Y intersect:

68. The distance formula:

69. Graphic solutiOn of syatem
of linear equations:

Given five problems, the
student will solve at least
foUr graphically.

Given five linear equations,
the student will graph at
least four.

Given ten _ets,of points,
the student, will determine
the-linear functions for at
,least

Given'five equations repre-
-senting parallel lines,
the student will show
that at least four are
parallel.

_.Given five linear equations,
the,student will'find and
graph at least four perpen-
dicUlar lines.

-The student will state the
linear equations Parallel to
the vertical_and'horizontal,

Givem five sets of linear
equations,' the student will
find the solution for at
least four sets.

!s,

The student will state the
formula for the slope-
intercept'.

Given five sets of points,
.the Student will find the
distance between at least
four sets.

The student will explain the
Solution of systeMs
of linear equations by the
graphical method.



Linear Graph

Concept Behavioral Objective

70. Solution.by addition and-
subtractien:

71. Applications of simultaneous
equations:

Quadratic Equations

The student will explain -
solutions'.of linear equations
by-addition & subtraction.

Given five probleMs of
application, the student will
demonstrate the solution
of at'least four by
simultaneous equations.

Concept Behavioral Objective

72. Solution 0f ax
2

bx c

Solution by the qUadra ic
formula:

-

Exponrrtial Notation, .

The student will solve the
geFral quadratic equation
ax- bx O.

The student will demonstrate
the solution of at least
four out_ of five-quadratic
equations by the use of the
quadratic formula.,

Concep Behavioral Pbjective

74. The law of zero
exponents;

75.. The law of exponents in
_ _raising to powers:

76. The law of eXponents
in extractingfroota:
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The student will sta e the
zero lawfor exponents

The student will state tiie
law for raising to-,a.
power to a power.

-. The student will state the
law of exponents in extracting
roots.



Exponential Notation-

Concept Behavioral Objective

The law, of exponen
based on lO:

Power, variations:

,79. j-operator:

The one operator'

81. Complex numbers:

. Complex-equations:-

quares of numbers:

The student will state the-
law ofexponents based on 10-

,The student will explain
what-is, meant by power
variation.

The student will demonstrate
the use of the j-operator.

,The student will de o_strat-
the one operator.'

The- student will identify
complex numbera from a list
of real complex numbers,

The stUdent will solve
four out of five complex
equations

The student will square
five nuiibers with 80%
accuracy.

Irrati :al numb

85. The square root.of
positive'numbers:

7

'Behavioral..Objective

The student will define the
term irrational number.

Given ftve positive numbers',
the student will find the
'square robt bf at least f

J,ogarithmic Notation

Concept . Behavioral Objective,

86..:Definition
logarithm:

The student wfll state the
definition of a logarithm.



_ithmic Notation

Concept Tiehavioral,Objective

87. Properties of
logarithms

88.- Characteristi

89. Mantisaa:

DeterMiningjogs:

91. Finding powers using
logarithms:

9

Finding roots usi
logarithms:,

. Interpolation using
logarithms:

914. The logarithM'of
unity:

-95: .Giyen log i, find n:

96. Given n, findlog

97. Logarithms, to the base e:

The student will state the
porperties of logarithms.

The student will define the
characteristics of a number.-
'for logarithm notations.

The etudent'will define
mantissa of a number for
logarithm notation.

Given five numbers, the
student will find their
logs from a table witb1-8070
accuracy.

iVen five nuMbers, the
-student will find the poWers
using logarithms of baee 10:

Given five numbers, the
.student will find specdfieda:
roots of at _least four:
by use of logafithms.

ThemtUdent-will:explain,
interpolation by:use.of
logarithms.

The student will explaan w1-4
the'logaithm of,Unity is .

Given five problems of log
the-student wili find n fo
At least four.

Givem five numbers the
student will find log p.
of at least four.

-The,student'will define
value of e in logarithm'
notation.



Logarithmic

Concept

98.Time constant curves:

otation

'Behavioral-Objective

Given five representative
problems, the stlident will
find at least four time
constant curves.

Sets and Logic

Concept-. Behaviora Objective

99. .Electric switch
diagrams:

100. Venn iagrams:

101. Truth tables

102. Tautologies:

Work and Power

Given an -electric switch
diagram, the-student'will-
explain the Aiagram with 80%
accuracy-

Given,three intersecting
sets, the student- will
construct their Venn .

diagram with 80% accuracy.

The student willrexplairi
the notation Ofitruth-ftables
with 80% accuracy.

, The student will explain
e

-tautologies with'80/0 aecuraeSt.

Concept Behavioral Objective

103. Work and power:

Horsepower Of-a
steam engine:

,105. Horsepower of
gas engine:

The student will define work
and power.

Given.five representative
problems, the student will
.find at least four horsepowers
of steam engines.

Given five representative .

problems, the student will c

find at least four horsepowers
of gas engines.
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'Work and Power-

Concept Behavioral Objective

106. Brake horsepower:

107. Electrical powerwatt:

108. Mechanical efficiency
- of machines:

Speed Ratió and Pulley Gears

Concept

109; , Gear Trains;

The s udent will define
brake horsepower.

The student will define the
electrical power watt.

The student will define what
the mechaniCal efficiency of
machines mean.

_

Behavioral Objective

110. Idlers.

111. Finding-the number of tealAY
for a given speed ratio:

112. 'Compount -earing:

113. Worm and gear:

114. , Tra ns'and spUr, bevel,
and worm,gearing;

Given a 'diagram of gear
trains, the student will
explain the diagram with'
80% accuracy. .

The student will explain n614
jan idler works with 80%
accuracy.

GiVen a speed rat,io, the
student Will explain how to .

find the number 'of gear teeth
with 80% acCuracy;

A

The Student will explain
compound gearing with.80%
accuracy.

the student will explai:,. the
advantages pf a Worm ala
gear with 80% accuracy,

The student will explain the
advantages.of trains, spu .

bevel and worm-gearing
with 80% accuracy.
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Quadratio Equations and Formulas

Concept BehaVioral Objective

115. The -meaning of
equadratic 'equations:

P+4'

The student will xp1a±n the'

meaning Of a_quadratic
eqUations with 80% accurac,



ADVANCED ALGEBRA

' Exponents

Concept Behavioral Objective

1. The meaning of powers
whose-exponents are
either "17 or "O":

The=meaning of.powers
with negative whole-
number -exponents:

The'reciprocals of .

powers and converting
divition to multiplication:

4. .Converting multiplications
to_pbwers of divisions:

Equivalent,forms of
fractions containing p ers:

6 Bowers of fractions=

Powers of powers:

Adding And subtracting
letterterms which contain
powers:

A review-of powers and'
the-laws of exponents:,

313

The_student will state the
Meaning of exponents of 1,
and 0 with 80% accuracy,

The student-will_define
the term negative exponents'.

Given five divisfdh-problems,
the studeht will solve at
least four by uping.the.
concept of reciprocal.

Given five 'examples, the
student will convert
muitiplitation to division'
by theuse of powers for at
least four.

Given five examples of
fractionn containing p6wers,
the student will convert at
-least four to equivalent
forms.

The_student will work four
out of five examples
utilizing 13ot:ter's of fractions.

Given ten examples the
student will raise at least
eight to a specific pOWIer.

Given ten examples, the
'student will add and sub-
tract letterterms which
contain power- for at least
eight.

The student will,give all
the properties and laws for
expements with 80% accuracy..



Exponents

Concept Behavioral Objective

10. The roots of multiplication
and division:

11. The.roots pOwers'

12.' ,implifying radicals by
factoring out perfect powers;

The student will explain
-what is meant by'..the roots
of multiplication and,
division.

Given five power problems,
the Student will find
specified roots for at least
four.

13- Raising radicals to powers:

The:meaning ofjowers with
fraction exponents:

157 Fractional exponents an&
the laws of exponents and
radical powers and decimal
exponents:

The mear ng of roots and
radicals.

Linear Graphs and Slope-

Given tenexamples, the
student will simplify specified
radicalsA)y factoring out
Perfect_powers for at least
eight.

.Given ten radicals, the
student will raise at leaft
eight 'to a specified power.

The student wilLexPlain the
meaning of powers with'
fractional exponents *ith
80%-accuracy.

The student will state the
laws related to fractional
exponents-and will correctlr
-solve a problem involkiing
each law. .

The student will jtate the
.definitions for the terms,
and will find the roots to
at least four out of five .

expressions involving radicals
-------

Concept Behavioral.Objective.

Identifying linear
equations in "x" and " ":

314

From a .set of ten equations,
-the student will correctly
identify at least :eight
according:to whether they
are linear:or nonlinear.



The D. C. Circuit

Behavioral Objective

107. Kirehho 's rules:

Ti108. 'Battery E.M.F. and
terminal voltage--internal
resistance:

The student will state
Kirchhoff's circuit rules.

Given a representative
example, thestudent will
calculate-Ehe internal
resistance and explain how
,it isrelated to E.M.F. and
terminal voltage.

109. The wheatstone bridge:
-

The student will demonstrate'
the use of.the Wheatstone
bridge.

-------

0

Fundamental Elements of an A.C. Circuit

Concept Behavioral Objec ive

:110. Capaci

Capacitors in serie

-
The student -ill define.
capacita0e.

The student.will wire two
capacitors in series.

112. Capacitors in parallel: The stdent will wire two
-capacitors in, parallel.

113. Energy requires to charge The student willcalculate
a capacitor:, the energy required to charge

capacitors in series and in
parallel.

114. Time for charging and The stUdent will sketch the
discharging a capacitor; exponential curve represent-
the timer constant: ing the time for charging

and the time for discharging
a capacitor.

=115. Inductance:.

-.116. Time .constant
circuit:

L-E

329
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Thv student will define
inductance.

-The student will,explain the
time constant for a L-R
circuit.



gr Fund en aI tlements in an A.C. Circuit

Concept

,l17. Phase relation in A.C.
circuits:

118. The series A.C. èircuits,
yhase diagram:

119. Reactance and impedan-e:

120.- Resonance:

121. Power and:power fac 0
D.

Behavioral Objective

. The student will explain the
phase relation in an'A.C.
circuit.

The student will draw a
phase diagram for a series
A.C. circuit.

The student will define
reactance and impedance.

The student will define.
resonan,e'.

The student will explain
the terms of power and
power factors.

3 0
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